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Exisnaive changes have been made to the fifth edition of the RF Data Manual. Most important of 
all is the inclusion of many new products made in our Lawndale and Bordeaux facilities which were 
acquired by Motorola in March, 1988 (formerly the RF Devices Division of TRW). _ 

The large increase in the number of devices, both discrete devices and amplifiers, has necessitated 
publishing the RF Data Manual in two volumes. We have arbitrarily decided to include all Discrete 
transistors in Volume 1 (along with the Discrete portion of the RF Selector Guide) and all other devices, 
primarily Amplifiers, in Volume 2. 

Also in Volume 2 is a greatly expanded section on Applications. The many diverse Application Notes 
from Bordeaux and Lawndale personnel have been integrated along with the previously available 
Phoenix Application Notes and Engineering Bulletins to form one of the most comprehensive groups 
of RF application information available in the industry today. 

HOW TO USE THIS RF DATA MANUAL: 

Note that all devices in a given section — Discrete Transistors, Amplifiers and Tuning Diodes — 
are organized in conventional alphanumeric order. 

If you know the part for which you desire technical data, simply turn to the appropriate page in 
Volume 1 or 2. If you are seeking a replacement for a competitor's part, then use the Cross Reference 
in Volume 2 to find the Motorola recommended replacement. If you have a requirement for a specified 
frequency band, then use the Selector Guide (in both Volumes 1 and 2).to find a suitable part with 
the desired voltage, output power, gain or other requisite characteristic. 

Although information in these books has been carefully checked, no responsibility for inaccuracies 
can be assumed by Motorola. Please consult your nearest Motorola Semiconductor sales office for 
_ further assistance regarding any aspect of Motorola RF Products. 

Motorola reserves the right to make changes without further notice to any products herein to improve 
reliability, function or design. Motorola does not assume any liability arising out of the application or 
use of any product or circuit described herein; neither does it convey any license under its patent 
rights nor the rights of others. Motorola products are not authorized for use as components in life 
support devices or systems intended for surgical implant into the body or intended to support or sustain 
life. Buyer agrees to notify Motorola of any such intended end use whereupon Motorola shall determine 
availability and suitability of its product or products for the use intended. Motorola and (MA) are registered 
trademarks of Motorola, Inc. moloicle: Inc. is an Equal ey MeN Opportunity/Affirmative Action 
Employer. | 


Fifth Edition 

First Printing 

©MOTOROLA INC., 1988 

| Previous Printing ©1986 

Printed in U.S.A. | “All Rights Reserved” 


DATA CLASSIFICATION 


Product Preview | 
Data sheets herein contain information on a product under development. Motorola reserves the 
right to change or discontinue these products without notice. 


Advanced Information 
Data sheets herein contain information on new products. Specifications and information are subject 
to change without notice. | 


Formal | 
For a fully characterized device there must be devices in the warehouse and price authorization. 


Designer’s 

_ The Designer's Data Sheet permits the design of most circuits entirely from the information pre- 
sented. Limit curves — representing boundaries on device characteristics — are given to facilitate 

“worst case” design. | 


Designer’s, Epicap, MACRO-T, MACRO-X and TMOS are trademarks of Motorola Inc. 


Annular Semiconductors patented by Motorola Inc. 
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Device Number Description | Number 
2N2857 ‘RF Small-Signal Transistor. ............ 0.0.0 aee 2-2 
2N3553 High Frequency Transistor ................000 0000. 2-8 
2N3866,A High Frequency Transistors .................0 0000 2-10 
2N3924 RF Power Transistor........... et er a 
2N3948 High Frequency Transistor ...... Ss aradtda, beasts wexeew aes . 2-17 
2N3959, 2N3960 High Frequency Transistors .................. 005. . 2-19 
2N4427 High Frequency Transistor ...............0 0.0 eee 2-23 
2N4428 RF Power Transistor.......... Siete aye. th ae tae sine 225 
2N4957, 2N4958, 2N4959 High Frequency Transistors ...............0.-00065 2-27 | 
2N5031, 2N5032 High Frequency Transistors .............000 eee eee 2-36 
2N5108 High Frequency Transistor ...............0200 eens 2-40 - 
2N5109 High Frequency Transistor ...............0.00000, . 2-44 
2N5160 RF Power Transistor... .........6...04. CAG er ees 2-50 
2N5179 RF High Frequency Transistor ..................... 2-54 
2N5583 High Frequency Transistor ..............000e0 ee eee 2-60 
2N5641 RE Power 1 ansisiong. ic tan o es betes tes ese .... 2-64 
2N5642 RF Power Transistor... 00.0... 0... ccc ee eee 2-67 
2N5643 RF Power Transistor.................. ea er ee 2-70 
2N5835, 2N5836, 2N5837 High Frequency Transistors ............. 00.0 e eee 2-73 
2N5849 RF Power Transistor... 0.0.0.0... 0.0. eee ee ees 2-79 
2N5943 High Frequency Transistor ................000 0.00 (2-83 
2N5944, 2N5945, 2N5946 RF Power Transistors ....... 0.0.0.0 0 0. cee eee 2-90 
2N6080 RF Power Transistor. .... 0.0... 0.00002 eee 2-97 
2N6081 RF Power Transistor..... 0.0.0.0 0 00 cece eee eee - 2-100 
2N6082 RF Power Transistor... 0.0.0.0... 000. c cece eee aes 2-103 
2N6083 RF Power Transistor......... ee ye ee ee 2-106 
2N6084 RF Power Transistor... 0.0.0... 00.0. c cece eee eee 2-109 
2N6166 RF Power Transistor... 0.0.0.0... 00. eae 2-112 
2N6304, 2N6305 High Frequency Transistors ...............0-.0000. 2-116 
2N6439 RF Power Transistor... -.......0.000 00 eee eee wee. 2-121 
2N6603 High Frequency Transistor ................-0005. .. 2-125 
2N6604 High Frequency Transistor .......... 0.0.0.0 eeu . 2-129 
2N6618 High Frequency Transistor ...............0 00s, .. 2-133 
2N6679 High Frequency Transistor ............ 0052-2 e eae 2-135 
2N6985 Push-Pull RF Power Transistor.................005 ', 2-137 
2N6986 . Push-Pull RF Power Transistor.................. 2. 2-141 
BF430,L High Frequency Transistors ................040. ... 2°1053 
BF431,L High Frequency Transistors ...............0..0004. 22-1067 
BF432,L High Frequency Transistors ....................004 2-1071 
BF433 RF Low Power Transistor..............0002 0 ee eeee 2-1057 
BFR90 High Frequency Transistor ................0000000. (2-145 
BFR91 High Frequency Transistor .............. 00000 e ee 2-148 
BFR92,A EVE? GRANSISIOlSs. 2-3 oo caw std shee ee be bathed a deed are es 2-151 
BFR93,A FIP VIANSISIONS 2 s:4.4. 5:5 Males SU he aha ehe ky bose 2-152 
BFR96 High Frequency Transistor ................00000040. 2-153 
BFRC96 High Frequency Transistor .................000.0. Cae 22158 
BFW92A High Frequency Transistor ..............000 0c eaee 2-161 
BFX89 High Frequency Transistor ................0000 eee 2-166 
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‘BFY90 . | High Frequency Transistor .............. 00.00.00 2-166 
BT500 RF Bias Source....... See ee ee ee ee Oe ee 2-170 
BT500F | AE Biase SOUree odes 8d care cee he Pleats Polen dott ae 2-171 
CD6150 © | _ High Frequency Transistor ..............0....0005. 2-212 
JO1006 | VHF Power Transistor...........00.00 0 scenes . 2-172 
JO2015A UHF Power Transistor..........0 0.00.00 0 eee ee eee 2-176 
JO2017 RF Power Transistor...........0000cc ee ee cee eue. DATT 
JO3037 UHF Power Transistor. ..........0.0 0.0000 2-180 
JO3501, JO3502 _UHF Power Transistors... .....0.00.000 00 cece eee 2-181 
JO4036 | VHF Power Transistor...........0. 0.00000 cee eee. 2-183 
JO4045 VHF Power Transistor... 0.0.0.0... 0.00 e eee eee ees 2-186 
LT1001A _ High Frequency Transistor .....................004 2-189 
LT1739 High Frequency Transistor ................. 000 eee. 2-192 
LT1814 High Frequency Transistor ..................0-0005 2-194 
LT1817 High Frequency Transistor ............... 000.000 08 2-196 
LT1839 High Frequency Transistor ............... 0.000000. 2-198 
LT2001 High Frequency Transistor ..................000005 2-200 
LT3005 | High Frequency Transistor ............... 000 eee 2-203 
LT3014 High Frequency Transistor ................... eee 2-206 
LT3046 High Frequency Transistor ..............0....0005. 2-209 
LT4217 | High Frequency Transistor ...............0.000 000. 2-212 
LT4239 © | High Frequency Transistor ..............0....0000 2-212 
LT4700 High Frequency Transistor ............. 0.0000 eae 2-217 
LT4746 | High Frequency Transistor ............... ead eee 2-221 
LT4772 3 High Frequency Transistor ..............0 0.000000 2-225 
LT5817 High Frequency Transistor ...............000 02 eee 2-229 
LT5839 High Frequency Transistor ........... 0... 00.0 2-231 
MD4957-— Dual Amplifier Transistor...................0.0005. 2-233 
MM4018 POWEr ThaEnSiSiGl s2.cate paw eed coat eeu de eee | 2-237 
MM4049_—« High Frequency Transistor ....................0048. 2-239 
MMs000, MM8001 High Frequency Transistors ............. 0.000000 2-243 
MM8s009 - RF Power Transistor.......0.0..0 0.0.0.0... 00 cece eee 2-245 
MMBR536 | High Frequency Transistor .................000005. 2-257 
MMBR571_ High Frequency Transistor ................0.00005. 2-260 
MMBR901 | RF Amplifier Transistor. ...............0 000.0 2-248 
MMBR¢911 | _ High Frequency Transistor ................0.0000 0 2-270 
MMBR920 High Frequency Transistor ............... 0.000005. 2-249 
MMBRQ30 RF Amplifier Transistor .................0 0.00 e ae . 2-250 
MMBR931 RF Amplifier Transistor .............. 000000 eeee 2-251 
MMBR941 High Frequency Transistor ..................00005- 2-925 
MMBR951 High Frequency Transistor .............. 00.0000 e ee 2-931 
MMBR2060 : RF Amplifier Transistor... 0... 00.000... 000 cee eae 2-252 
MMBR2857 | RF Transistor........... 0.000 cece cece eee eeneeees 2-253 
-MMBR4957 | RF Amplifier Transistor..........0....0 000000 2-254 
MMBR5031 | RF Amplifier Transistor ........0... 0.0... 00 cece eee 2-255 
MMBR5179 RF Amplifier Transistor. .......0.00.0.00 00.00 e eee 2-256 


MMC4049 High Frequency Transistor ...............0000 cee 2-239 
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MPS536 High Frequency Transistor............. Poe rere re 2-257 
MPS571 High Frequency Transistor ..............00...00. .. 2-260 
MPS901 © High Frequency Transistor ............. 0.000000 00, 2-266 | 
MPS911 | High Frequency Transistor ..................00000. . 2-270 
MPS1983 High Frequency Transistor ...... ae eee ..... 2-266 
MPS3866 | RF Amplifier Transistor......... Sectigee nine once . 2-276 
MRA0204-30V . | UHF Power Transistor........ rien take ee 2-277 
MRA0204-60 UHF Power Transistor............ Sata aasee eye (2-279 
MRA0204-60V UHF Power Transistor...:.......... A dod gone RG ae eel: 
MRA0204-60VH UHF Power Transistor.........0.0 00.0 cece eee eee. 2-283 
MRA0204-70 : UHF Power Transistor.............. ee errs a 2-285 
MRA0500-19L i 7 UHF Power Transistor............ ee ee eee - 2-287 
MRA0510-50H UHF Power Transistor...............c00ceeeeucee, 2-289 
MRA0610 SERIES ~ UHF Power Transistors... 2.0.0.0... 00.00 cee eee aes 2-291 
MRA0610H SERIES UHF Power Transistors............. 00.000. cee eee 2-297 
MRA1000-14L UHF Power Transistor........ depth tare eee dee 2-305 
MRA1000-3.5L UHF Power Transistor................... Mie waara ae 2-299 
MRA1000-7L UHF Power Transistor............. aad eeaihe Pees 2-302 
MRA1014 SERIES Microwave Power Transistors..... GR ae but eg ... 2-307 
MRA1014H SERIES Microwave Power Transistors...............00e eee. 2-314 
MRA1214-55H Microwave Power Transistor......... a erin Notas Oe Gee 2-316 
MRA1417 SERIES Microwave Power Transistors... .............00005. 2-319 
MRA1417H SERIES Microwave Power Transistors..................000. 2-323 
~MRA1720 SERIES Microwave Power Transistors.................00005 2-325 
MRAL1417 SERIES Microwave Power Transistors..................000, 2-332 
MRAL1720 SERIES Microwave Power Transistors................-.2004 2-335 
MRAL2023 SERIES Microwave Power Transistors................0.0005 2-341 
MRAL2023-18,H Microwave Power Transistors........ ae are eee 2-348 
MRAL2023H SERIES Microwave Power Transistors..............0..000e, 2-350 
MRAL2327 SERIES Microwave Power Transistors............... Ni ait dol 2-355 
MRF134 N-Channel TMOS Broadband RF Power FET......... 2-359 
MRF136,Y RF Power Field Effect Transistors ........... eens 2-367 
MRF137 N-Channel TMOS Broadband RF Power FET. ny eee . 2-377 
MRF138 N-Channel TMOS Linear RF Power FET............ . 2-385 
MRF140 N-Channel TMOS Linear RF Power FET............ ~ 2-390 
MRF141G ~ N-Channel TMOS Broadband RF Power FET......... 2-395 
MRF148 N-Channel TMOS Linear RF Power FET........... -.. 2-397: 
MRF150 | N-Channel TMOS Linear RF Power FET............. 2-402 
MRF151G N-Channel TMOS Broadband RF Power FET...... ... 2-407 
MRF153_ Power Field Effect Transistor ...............00.0ee. 2-409 
MRF154 Power Field Effect Transistor .....................5 2415) 
MRF161 ~ N-Channel TMOS Broadband RF Power FET......... 2-421 
MRF162 N-Channel TMOS Broadband RF Power FET....... 2. 2-429 
MRF163 _ N-Channel TMOS Broadband RF Power FET......... 2-437 
MRF171 N-Channel TMOS Broadband RF Power FET....... .. 2-445 
MRF172 - N-Channel TMOS Broadband RF Power FET......... 2-453 
MRF174 N-Channel TMOS Broadband RF Power FET......... 2-461 
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MRFO211 High Frequency Transistor ............0..000 00 eee, 2-469 
MRF221 RE Power TransiStOr 2.2 cataasssat tee ew Oee- ee 2-100. 
MRF224 AF Power Transistor sic douclsetendvardtek se ceed 2-109 
MRF226 RF Power Transistor. .....0....0. 00. c eee eee 2-473 
MRF227 RF Power Transistor. ........ 00.0000 e eee ee eee 2-475 
MRF229 RE“Power IVansisStor 42 sic<- wes oki wee ane eae Gent 2-479 
MRF232 RE Power TransistO@r:. «disc .05 ¢cads deta bes Pau ets 2-483 
MRF233 RF Power Transistor...........00. 000 c eee ee eee 2-487 
MRF234 RF Power Transistor... 2.0.0.0... 0.0 cece eee eee ee 2-491 
MRF237 RF Power Transistor... ...... 000000 eee eee eee 2-495 
MRF240,A RE Power TranSiStots)t) ai odin ce Bde dees OR Mae eae 2-497 
MRF247 RE Power TransiSiOte + vuvsbasce tam sancam sone ies 2-501 
MRF260 _RF Power Transistor................... acura 2-504 
MRF261 RF Power Transistor................ oh artes Bias ears 2-508 
MRF262 RF Power Transistor.................000050. wearer 2-512 
MRF264 RF Power Transistor... 0.5.06 6c. eb be eee ee ees 2-516 
~ MRF309 RP Power TransiStOl ns oooh ac'enrautin cari anwiws ... 2-520 
MRF313 High Frequency Transistor ...............--.-+000. 2-522 
MRF314,A RP Power TransislOrs «cscc< od eae Ae awa bale Kale 2-524 
MRF315,A FE OWS TRAnSISlOlSs aoc, Saha utrailen gts aye 2-528 
MRF316 RF Power Transistor. .... ree hee ee Peer 2-532 
MRF317 RF Power Transistor................0000 ee eer 2-536 
MRF321 RE “Power TransiSiOn v.25 cuwdanetaote ead Wee 2-540 
MRF323 RF Power Transistor... 0.0.0.0... 00.00 cece eee ees 2-544 
MRF325 RF Power Transistor..................... one ceian 2-548 
MRF326 RE Power PransisiOre:. 4016. ed pew eke esd 2-552 
MRF327 REGPOWEr ThahSiSlOr ines aia Veet ida ea. come ves sede si 2-556 
MRF329 HE POWGr Tiansistolevodet oo sins scam bowie: eas. 2-560 
MRF338 RF Power Transistor.................000. Wee h b os 2-564 
MRF340 RF Power Transistor........0....0. 02. eee eee ees 2-568 
MRF342 -RF Power Transistor..... eile Geb Sach rar east we Ee Sg 2-572 
MRF344 RF. Power Transistor v.00 0604.0 ov eende pen de aa tae 2-576 
MRF390 Push-Pull RF Power Transistor..................... 2-580 
MRF392 Push-Pull RF Power Transistor..................... 2-584 
MRF393 -Push-Pull RF Power Transistor..................... 2-588 
MRF401 RE-POWEr TraAnSISlOls. pau 2 odo tye ore eet ak gre See 2-592 
MRF406 _ RF Power Transistor..... ee eS ee eee 2-595 
MRF410,A RF Power Transistors ...... 0.0.0.0... ccc eee eee 2-599 
MRF421,MP RF Power Transistors .......... 0.0.00 -, 2-603 
MRF422,MP AP Power Transistors’... c cn cecasonwe tee araccsmnies 2-607 
MRF426 AP Power TRanSislOl anne de eloecrs aaa abla Gh ean 2-611 
MRF427,A RF Power Transistors ............ 000000 cee eee eee 2-615 
MRF428 RE POwer TransiStOr s 4-<aedcetatiawe vied dae Roe ger 2-619 
MRF429,MP RF Power Transistors ............00 eee eee eee e eee 2-623 
MRF430 RF Power Transistor... 0.2.2... 0.0000 eee eee 2-627 
MRF433 RF Power Transistor ..............0. 0000 cece eee 2-631 
MRF448 RF Power TransiStOn . s25-% cand de ae eS 2-633 
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MRF449A 
MRF450,A 
MRF454 
MRF455,A 
MRF458 
MRF460 
MRF464,A 
MRF466 
MRF475 
MRF476 
MRF477 
MRF479 
MRF485 
MRF486 
MRF492,A 
MRF497 
MRF501, MRF502 
MRF511 
MRF515 
MRF517 
MRF521 
MRF522 
MRF524 
MRF525 
MRF531 
MRF534 
MRF536 
MRF542 
MRF543 
MRF544 
MRF545 
MRF546 
MRF547 
MRF548 
MRF549 
MRF553 
MRF555 
MRF557 
MRF559 
MRF571, MRF572 
MRF580,A, MRF581,A 
MRF586, MRF587 
MRF604 
MRF607 
MRF627 
MRF630 
MRF641 


Page 


| Description Number 
RFE Power TransistOr sch 2. h0s A eet ci een ees 2-637 
RF Power Transistors..... 02.02... 0. cee e eee eee 2-639 
RF Power Transistor....... dl iavk ee eae ete juawees 2-641 
RF Power Transistors ....... 00.006 c cece eee eee 2-643, 
RF Power Transistor ......... 0006. e cee eee eee eee (2-645 
RF Power Transistor... 0... ee eee 2-648 
RF Power Transistors ......... 000.02 cence eee .. 2-653 
RF Power Transistor... 0.0.00... 0060s eee eee eee 2-657 
RF: Power Transistor ............00 cee ee eee 2-661 
RF Power Transistor... 2.0.0.0. 0c cee eee 2-665 
RF Power Transistor... 0.0.0... 0.00000 ee eee 2-669 
RF Power Transistor... 0.0.0.0... 000 e cece eee 2-673 
RF Power Transistor.......0....... 000 cece eee ., 2-677 
RF Power Transistor... 0.0.0... 0000: cee eee eee ees 2-680 
RF Power Transistors 2c. ieee ie ease aes 2-683 
RF Power Transistor... ..........0 000 eee eee 2-686 | 
High Frequency Transistors ...............002.0008 2-689 
High Frequency Transistor ..............-. 6000 -0e 2-691 
High Frequency Transistor ............ 0.00 c eee eee 2-696 
High Frequency Transistor ..............0.0 eee 2-699 © 
High Frequency Transistor ..............020- eee ee 2-704 
High Frequency Transistor ........... 000.000 eeee 2-704 
High Frequency Transistor ...............-20 eee eee 2-704 
High Frequency Transistor .................-+0 eee (2-711 
High Frequency Transistor ............25-.00 esses 2-715. 
High Frequency Transistor ..............0 00s eee 2-239 
High Frequency Transistor ...... 0... 0.0... e eee 2-239 
High Frequency Transistor ............ 0.00 eee ees 2-717 
High Frequency Transistor .......-. 0.0.0.0 0 cece 2-719 
High Frequency Transistor .............0000eeeeee- 2-721 
High Frequency Transistor ..................0000e. 2-724 
. High Frequency Transistor .............. 0.000000 ue 2-728 

High Frequency Transistor ............ 00-0. e eae 2-730 
High Frequency Transistor..........-. 0.0.0 0005 i... 2-717 
High Frequency Transistor ....... SS cee RU eae 2-719 
RF Low Power Transistor .......6.......006- Duidine 2-hee 
RF Low Power Transistor ......... 00.0000 eee eee ees 29787 
RF Low Power Transistor................ RG teats 2-741 
High Frequency Transistor ................+005. 2. 2-746 
High Frequency Transistors ........... 00.0.0. cee 2-753 
High Frequency Transistors .... 0.0... 00.00.00 cae 2-763 
High Frequency Transistors .............-.-0 eee ee 2-771 
RF Power Transistor...........0 000 e eee eee eee ee 2-781 
RF Power Transistor. .... 20... 0... 6c eee eee, .. 2-783 

_ High Frequency Transistor ......... ised went aes 2-785 
RF Power Transistor....... 0.2.00. cee eee eee eee 22789 

_ RF Power Transistor...............055 te Pease ar (2-793 
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MRF644 _ RF Power Transistor...... 0.0.0.0... 0c ccc acu aeaee 2-797 
MRF646 RF Power Transistor. ......0.00 00.0.0 e cece uueueee 2-801 
MRF648 RF Power Transistor........... 00.00.00. cece eee 2-805 
MRF652 RF Power Transistor.......... 0.0... 0c cece eee ues 2-809 
MRF653 RF Power Transistor......... 0.0.00 ccc eee eee 2-813 
MRF654 RF Power Transistor... 0.0.0.0... cee cece eu ceeees 2-817 
MRF660 RF Power Transistor. ..............00 ccc eee ae, 2-821 
MRF750 High Frequency Transistor ............ 0.0.0.0 ee eee 2-825 
MRF752 High Frequency Transistor .................0.0000. 2-829 
MRF754 High Frequency Transistor ...................0000 2-833 
MRF837 — RF Low Power Transistor .......... Su icc Alas Bee ented a 2-837 
MRF838,A RF Power Transistors .........0. 0.000 cece eee aee 2-843 
MRF839,F RF Power Transistors ..............00000c cee eeeee 2-847 
MRF840 RF Power Transistor......... 0.0... e eee e cece eee 2-852 
MRF841,F RF Power Transistors ............. 0.00. e ecu eeaae 2-856 
MRF842 RF Power Transistor............ 0.000 cece eee eves 2-862 
MRF843,F RF Power Transistors .. 0.2.02... 00.000 cece cece eae 2-866 
MRF844 RF Power Transistor..........0. 0.0.00 cece eens 2-871 
MRF846 RF Power Transistor..........0...0c0c ee eececevees 2-874 
MRF847 RF Power Transistor........... 0.0... 0c cece eeeuae 2-878 
MRF873 RF Power Transistor............ 00.00 cc cece eee ee. 2-881 
MRF890 RF Power Transistor.......... 0.0.0.0... cca eee eee 2-885 
MRF891 RF Power Transistor............ 0000 cc ee eeeeeeeas 2-889 
MRF892 RF Power Transistor.......... ee eee rere 2-893 
MRF894 RF Power Transistor............. 00... c cee eeaes 2-897 | 
MRF898 RF Power Transistor..........0. 00.00. cece ee eeeeae 2-901 
MRF901 High Frequency Transistor ..............0...0.0ee. 2-905 
MRF904 High Frequency Transistor ...............0.0. ee eee 2-911 
MRF905 RF Oscillator Transistor......... 00... .0c cece eeeee 2-915 
MRF911 High Frequency Transistor ..............0.0.0c eee. 2-917 
MRF914 High Frequency Transistor..................000000. 2-920 
-MRF931 High Frequency Transistor .................0.0004. 2-923 © 
MRF941 High Frequency Transistor .................0.0000 2-925 
MRF951 High Frequency Transistor ............... 0.000000. 2-931 
MRF961 High Frequency Transistor ..............c0cccceees 2-153 
MRF962 High Frequency Transistor ...............0.0.c0ee. 2-153 
MRF965 High Frequency Transistor ....................0005 2-153 
MRF966 N-Channel Dual-Gate GaAs FET................... 2-939 
MRF1000MA Microwave Pulse Power Transistor................:. 2-944 
MRF1000MB Microwave Pulse Power Transistor.................. 2-944 
MRF1000MC Microwave Pulse Power Transistor.................. 2-944 — 
MRF1002MA Microwave Pulse Power Transistor.................6. 2-948 
MRF1002MB Microwave Pulse Power Transistor.................. 2-948 © 
MRF1002MC Microwave Pulse Power Transistor.................. 2-948 
MRF10030 Microwave Long Pulse Power Transistor............. 2-1079 
MRF1004MA Microwave Pulse Power Transistor.................. 2-952 
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MRF1004MB . Microwave Pulse Power Transistor.................. 2-952 
MRF1004MC Microwave Pulse Power Transistor.................5. 2-952 — 
MRF1008MA Microwave Pulse Power Transistor.................. 2-956 
MRF1008MB | Microwave Pulse Power Transistor.................. 2-956 | 
MRF1008MC Microwave Pulse Power Transistor................. . 2-956 © 
MRF1015MA __ Microwave Pulse Power Transistor.................. 2-960. 
MRF1015MB Microwave Pulse Power Transistor.................. 2-960 
MRF1015MC ) Microwave Pulse Power Transistor........... Pobieh Te shack 2-960 
MRF1035MA Microwave Pulse Power Transistor................5. 2-964 
MRF1035MB__. Microwave Pulse Power Transistor.................. 2-964 . 

~ MRF1035MC Microwave Pulse Power Transistor............. weee 2-964 

MRF1090MA : Microwave Pulse Power Transistor................0. 2-968 
MRF1090MB : Microwave Pulse Power Transistor................. . 2-968 | 
MRF1090MC Microwave Pulse Power Transistor.................. 2-968 
MRF1150M Microwave Pulse Power Transistor.................. 2-972 
MRF1150MA Microwave Pulse Power Transistor.................. 2-976 
MRF1150MB Microwave Pulse Power Transistor.................. 2-976 
MRF1150MC Microwave Pulse Power Transistor.................. 2-976 © 
MRF1250M Microwave Pulse Power Transistor.................. 2-980 
MRF1325M = Microwave Pulse Power Transistor.................. 2-984 
MRF1946,A RF Power Transistors ..... ites Gets ais Sh iam danke eects 2-988 
MRF2001,B Microwave Power Transistors. ..............0.0e0e. 2-992 
MRF2001M Microwave Power Transistor............. 00000000 ee “2-996 
MRF2003,B Microwave Power Transistors........ Getta toate d 2-1000 
MRF2003M Microwave Power Transistor................ Recaieusne 2-1004 
MRF2005,B Microwave Power Transistors.............000000eee 2-1008 
MRF2005M Microwave Power Transistor................00ee00- 2-1012 
MRF2010,B Microwave Power Transistors................00000- 2-1016 
MRF2010M Microwave Power Transistor...............02e0000- 2-1020 
MRF2016M Microwave Power Transistor............. ih, Sade tarh once ee 2-1024 
MRF2369 High Frequency Transistor ...............000 cues 2-1028 
MRF2628 . RF Power Transistor.........0. 0.0.0.0 0 cee eee eee ees — 2-1033 
MRFS866 High Frequency Transistor ...............000 cee 2-1037 
MRF4070 RF Power Transistor... 0.0.0... 0.000. cee eee ee eee 2-1039 
MRF5160 High Frequency Transistor ............. em sina a meadete 2-1043 
MRF5174 RF Power Transistor... 0... 0.0.00. eee eee eee 2-1045 
MRF5175 RF Power Transistor... ...... 00.00 ccc eee eee eens 2-1048 
MRF5211,L High Frequency Transistor ............ Poin ae ales 2-704 
MRF5583 _ High Frequency Transistor ...............00000e eee 2-1051 
MRF5711,L High Frequency Transistors ................-..005. 2-1053 
MRF5812 RF Low Power Transistor ................0000 se uee 2-1057— 
MRF5943 | High Frequency Transistor ..............-.0+0eeeee 2-1061 
MRF8372 RF Low Power Transistor ...............0000 ce eenes 2-1063 
MRF9011,L High Frequency Transistors ................02..2.+. 2°1067 
MRF9331,L High Frequency Transistors .................05. ... 2-1071 
MRF9411,L High Frequency Transistors .................000005 2-925 
MRF9511,L High Frequency Transistors ...............0.0.0005 2-931 
MRF10005 — Microwave Power Transistor................000.000. 2-1075 


. jee, ae : 
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MRFC521 High Frequency Transistor ............ PY deci Aiea hs 2-704 
MRFC544 | High Frequency Transistor ................000000 ee 2-721 
MRFC545 | High Frequency Transistor ...........0 00.00 cee ee ee 2-724 
MRFC572 High Frequency Transistor ..................008. .. 2-753 
MRFC581,A | High Frequency Transistors ............ 0.0... 00 ee 2-763 
MRFC966 N-Channel Dual-Gate GaAs FET................... 2-939 
MRFQ17 High Frequency Transistor ............... 0.0.0.0 00s 2-1083 
MRFQ19 | High Frequency Transistor ................... 0000. 2-1085 
MRT0105-75 UHF Power Transistor.........0...... 0000 cece eens 2-1087 
MRT0105-75V UHF Power Transistor..........0..... 00.0 e eee eas 2-1089 
MRT0204-110V UHF Power Transistor................0. 00 cee euae 2-1091 
PT4572A —_ High Frequency Transistor .....................0.. 2-1093 
PT4579 i _ High Frequency Transistor ...................0000. 2-1096 
PT8809A | UHF Power Transistor................00 00 cee eee .. 2-1099 
PT8810 UHF Power Transistor........0.... 0.0.0.0 0 cee ee eae 2-1101 
PT8811A » “WE POWer TransiSiOns.2 as. 04.9 pe dee bende wae adie 2-1103 
PT8852,A VHF Power Transistors................. Be aot eek ee & 2-1105 
PT8853,A VHF Power Transistors... ........ 00.000 eee een . 2-1108 
PT8862,A VHF Power TransistorS............ 00000 c eeu eeeeen 2-1110 
PT8864,A | VHF Power Transistors s.22 52sec, e040 esd aden 2-1111 
PT8874,A VHF Power Transistors.............. 000 cece cee aee 2-1113 
PT9700 : UHF Power Transistor................ ee ee 2-1115 
PT9700B SERIES UHF Power Transistors..........0.. 00.000 cece eeee 2-1117 
PT9730 SERIES VHF Power Transistors. .....0...0..0.. 00000 e eee ae . 2-1124 
PT9780 SSB Power Transistor...............000000eeeueae . 2-1130 
PT9783,A SSB Power Transistors............ 000000 e eee 2-1133 
PT9784,A | SSB Power Transistors... 2.0.00... ccc cece eee eae 2-1136 
PT9785 SSB Power Transistor............... 0000 c cee ee uae 2-1138 
PT9790 SSB Power Transistor... ............ 00. cee cece as 2-1140 
PT9798 SSB Power Transistor.............0. 0000 c eee cues 2-1143 
PTE801 UHF Power Transistor.............. 00.000. c eee ee 2-181 
RF1029 | - UHF Power Transistor............ 0.00. cee eee eae 2-1145 
RF1030 | _UHF Power Transistor.................00 00 cee euae 2-1147 
RF1031 UHF Power Transistor....:....................0.. 2-1149 
RF1032 UHF Power Transistor.............. 00.00. eee ee eee 2-1151 
TP212,S VHF Power Transistors. ............. 00000 e aucune 2-1152 
TP251 UHF Power Transistor....:........... 00.00 cee eee 2-1154 
TP254,S UHF Power Transistors. ........... 00.0000 eu eeee 2-1157 
TP301,S UHF Power TransistorS.............. 0000 eee eee 2-1159 
TP302,S UHF Power Transistors. ............ 00000 eee ees 2-1161 
TP303,S | | UHF Power Transistors... ...0....... 000.00 eee eee. 2-1163 
TP304,S | UHF Power Transistors..............00.0 cece eeuee 2-1166 
TP2007A UHF Power Transistor.............. 0000. cee eeeeus 2-1168 
TP2031 VHF Power Transistor............... 0.000. c eee eee 2-1170 
TP2032,F UHF Power Transistors............. 000.0 cee eeeues 2-1172 
TP2033 VHF Power Transistor... . . Se a ybte Aud APN de eit hae hy ea thes 2-1173 


TP2034,F UHF Power Transistors... .. dis 6 She hat eateries aad 2-1175 
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TP2037 VHF Power Transistor............ Ghe Baca if aca ene eue 2-1176 
TP2180 VHF Power Transistor. .... See res ee eT ee (2-1178 
TP2300 | VHF Power Transistor............0...005 Bal ooh. gie. Bowe 2-1181 
TP2304 VHF Power Transistor. .......... 02.0000 2-1184 
TP2306 VHF Power (ransiStol:.<oni0 Daidawae at neh eed 2-1188 
TP2307 VHF Power Transistor: 2.2... eee eee 2-1189 
TP2314 | | VHF Power Transistor... .......0 0.000: cece eee ee 2-1192 
TP2317 VHF Power Transistor. ......... 00.0000. e eee ee 2-1195 
TP2325 VHF Power Transistor: :i2.cccccyeeniwt ate bevsads . 2-1198 
TP2330,F VHE Power 1TanSIStOMS. soa a5 ke ese ean 2-1199 
TP2335 | VHF Power Transistor..........0... 0.0000 eee ee eee 2-1201 
TP2370 : VHF Power Transistor..............000c eee ee auee 2-1203 
TP2502 -UHF Power Transistor.........0.0 0.000000 cee eee eee 2-1206 
TP2503 | | UHF Power Transistor........... 0.000 cece eee eee 2-1209 
~TP2505,S UHF Power Transistors............. 0.00000 eee eee 2-1212 
TP2510 DAE POWer TransSiStOl sc sv ena esa hed dee wheats areca 2-1213 
TP2511 | UHF Power Transistor............. 0000p e eee eee 2-1214 
TP2520 | UHP Power TransistOls.c. x: 4 aan am ied eee ed 2-1215 
TP3009,S UHF Power Transistors........... 0.00000 cee eee 2-1216 
TP3010,S UHF Power Transistors... 0.0.0.0... 0.00 eee ee eee 2-1219 
TP3011,S UHF Power Transistors. ... 0.0.0... 000000 eee ee eae 2-1222 
TP3012 UHF Power Transistor............. 00.00.00 cee eee 2-1223 
TP3013 UHF Power Transistor. ....... 0.0... 000 eee eee eee 2-1225 
TP3020A UHF Power Transistor......... Re ailihshiestas edhe fe Pei es 2-1226 
TP3022A UHF Power Transistor..........0.. 0.000 eee eee eee 2-1227 
TP3023 UHF Power Transistor........... 00.000 cee eee eee 2-1228 
TP3024A UHF Linear Power Transistor.................00005 2-1229 
TP3026 UHF Power Transistor... ....... 0.0.0... 0 ce eee eee 2-1230 
TP3040 UHF Power Transistor....... 0.0... 00000. 2-1231 
TP3093 -UHF Linear Power Transistor...................0.. 2-1233 
TP3098 UHF Linear Power Transistor..................05. . 2-1235 
TP3400 UHF Linear Power Transistor............0000 0c eeae 2-1237 
TP3401,S UHF Linear Power Transistors ..................... 22-1240 
TP3402 UHF Linear Power Transistor..............--20000. 2-1243 
TP5002,S UHF Linear Power Transistors ..................5. . 2-1245 
TP5015 UHF Linear Power Transistor..................005. 2-1248 
TP5040 UHF Power Transistor................5. eden Snag ~. 2-1249 
TP5050 UHF Power Transistor.......... 0.0.0 cee eee eee 22-1252 
TP5060 | UHF Power Transistor.............. 0.0000 - eee e eee 2-1255 
TP8828,F 2 VHF Power TransistorS...... 0.0.0.0. cee ee ees 2-1257 
TP9380 | ~~ VHF Power Transistor... 0.0.0.0... 00000 cee eee 22-1258 
TP9383 _ VHF Power Transistor... .............0005- sake mice . 2-1260 
TP9386 VHF Power Transistor. ........00 00.000. c cece eens 2-1262 
TP9390 VHF Power Transistof.*. 0. 20+. eiaGesdee paeeredes « 271265 
TPA0102-130 VHF Power Transistor... .........0 0.00000 eee eae 2-1266 
TPM401 UHF Power Transistor...........00..00.0 cece eee 2-1268 
TPM405 ~ -UHF Power Transistor................0000eeee eee. 291271 
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TPM425 UHF Power Transistor........... 0.000. eee ee ee 2-1275 
TPM4040 UHF Power Transistor............-000. 2c eee eee eee 2-1277 
TPM4100 UHF Power Transistor... .... 0.00.00. 00 cee eee 2-1280 
TPM4130 UHF Power Transistor... ......0..0 00.000 eee ees 2-1281 
TPV364 VHF Linear Power Transistor...................00. 2-1284 
TPV375 VHF Linear Power Transistor .................0000. 2-1287 
TPV385 VHF Linear Power Transistor ...................00. 2-1290 
TPV387 VHF Linear Power Transistor.................0000. 2-1292 
TPV394A | VHF Linear Power Transistor... 2.0.0... 0... ...0005. 2-1294 
TPV590 UHF Linear Power Transistor.............. 0.000005 2-1297 
TPV591 UHF Linear Power Transistor.................0008- 2-1300 
TPV593 UHF Linear Power Transistor..................000- 2-1303 
TPV595A UHF Linear Power Transistor.................0005. 2-1306 
TPV596A UHF Linear Power Transistor.............. 0.000005 2-1310 
TPV597 UHF Linear Power Transistor...................0-. 2-1312 
TPV598 UHF Linear Power Transistor..................000. 2-1315 
TPV657 UHF Linear Power Transistor...................... 2-1317 
TPV693 UHF Linear Power Transistor.................00005 2-1322 
TPV695A | UHF Linear Power Transistor..................000. 2-1323 
TPV695B UHF Linear Power Transistor..................005. 2-1325 
TPV698 UHF Linear Power Transistor..................008, 2-1326 
TPV3100 VHF Linear Power Transistor................00000: 2-1327 
TPV3250B VHF Linear Power Transistor.................0.00. 2-1332 
TPV5051 UHF Linear Power Transistor..................000. 2-1333 
TPV5055B UHF Linear Power Transistor...................0.. 2-1335 
TPV6080B UHF Linear Power Transistor..................000% 2-1338 
TPV7025 UHF Linear Power Transistor...................08. 2-1341 
TRW2001,F | Microwave Power Transistors.............. 0.00.05. 2-1344 
TRW2003,F Microwave Power Transistors...... Ta dteee Actelion 2-1344 
TRW2005,F - Microwave Power Transistors................ 000005 2-1344 
TRW2010,F Microwave Power Transistors.................00005 2-1344 
TRW2015 Microwave Power Transistor.................20008- 2-1344 
TRW2020 Microwave Power Transistor............... 0000 e eae 2-1344 
TRW2301,F Microwave Power Transistors..............00.0005. 2-1351 
TRW2304,F Microwave Power Transistors.................00008 2-1353 
TRW2307,F Microwave Power Transistors..................005 . 2-1355 
TRW3001,F Microwave Power Transistors...............000008 2-1357 
TRW3003,F Microwave Power TransistorS.................00000. 2-1357 
TRW3005,F Microwave Power Transistors.................0000. 2-1357 
TRW52001 Microwave Linear Power Transistor................,. 2-1362 
TRW52101 Microwave Linear Power Transistor................. 2-1362 
TRW52102 Microwave Linear Power Transistor................. 2-1367 
TRW52104 Microwave Linear Power Transistor................. 2-1370 
TRW52201 Microwave Linear Power Transistor................. 2-1362 
TRW52202 Microwave Linear Power Transistor................. 2-1367 
TRW52204 Microwave Linear Power Transistor................. 2-1370 
TRW52401 Microwave Linear Power Transistor................. 2-1362 
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TRW52402 
TRW52501 
TRW52502 
TRW52504 
TRW52601 
TRW52602 
TRW52604 
TRW53001 


TRW53101 - 


TRW53102 
TRW53201 
TRW53202 
TRW53401 
TRW53402 
TRW53501 
TRW53502 
TRW53505 
TRW53601 
TRW53602 
TRW53605 
TRW54001 
TRW54101 
TRW54201 
TRW54401 
TRW54601 
TRW62601 
TRW62602 
TRW63601 
TRW63602 
TRW64601 
TRW64602 


| be te § Page 
Description — Number 


Microwave Linear Power Transistor.......... Cisne POOL 
Microwave Linear Power Transistor............ vee. 2°1362 | 
Microwave Linear Power Transistor.......... Wit eee 21 S07. k= 
Microwave Linear Power Transistor................+.2-13870 
Microwave Linear Power Transistor........... ie os 2 P02 
Microwave Linear Power Transistor........... of hanes Oe n. 
Microwave Linear Power Transistor... .............. 2-13870 © 
Microwave Linear Power Transistor................- 2-1373 
Microwave Linear Power Transistor..............05. 2:-13873 
Microwave Linear Power Transistor..........-.02... 2:13770 0 | 
Microwave Linear Power Transistor............0.... 92-1373 © 
Microwave Linear Power Transistor................. 2-1377 
Microwave Linear Power Transistor................. 2-1373 
Microwave Linear Power Transistor................. 2-1377 
Microwave Linear Power Transistor................. 2-1373 
Microwave Linear Power Transistor................. 2-1377 
Microwave Linear Power Transistor................. 2-1380 
Microwave Linear Power Transistor................. 2-1373 © 
Microwave Linear Power Transistor................. 2-1377— 
Microwave Linear Power Transistor................. 2-1380 
Microwave Linear Power Transistor................. 2-1383 
Microwave Linear Power Transistor................. 2-1383 
Microwave Linear Power Transistor................. 2-1383 
Microwave Linear Power Transistor................. 2-1383 
Microwave Linear Power Transistor................. 2-1383 
Microwave Power Oscillator Transistor .............. 2-1387 

_ Microwave Power Oscillator Transistor .............. 2-1390 
Microwave Power Oscillator Transistor .............. 2-1393 
Microwave Power Oscillator Transistor .............. 2-1396 
Microwave Power Oscillator Transistor .............. 2-1399 
Microwave Power Oscillator Transistor .............. 2-1402 
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RF Power TMOS FETs 


Motorola RF Power MOSFETs, (trademark TMOS), are constructed using a planar process to enhance manufacturing 
repeatability. They are N-channel field effect transistors with an oxide insulated gate which controls vertical current flow. | 

Compared with bipolar transistors, RF Power.FETs exhibit: higher gain, higher input impedance, enhanced thermal stability 
and lower noise. The FETs listed in this section are specified for operation in RF Power Amplifiers and are grouped by frequency 
range of operation and type of application. Arrangement within each group is by order of first voltage then increasing output 
power. 


TO 150 MHz HF/SSB 
For military and commercial HF/SSB fixed, mobile, and marine transmitters. 


Pin Gps . ~ Typical IMD 
Pout Input Power Typical rae 
. Output Power Typical . Gain dB @ . . 
Device _ Watts Watts 30 MHz — d41 dB Package/Style 


Vpp = 28 Volts | . Oe es 0 e § oo 
| MRF138 ‘| 30 0.6 7 ~ 30 ~60 15) 211-07/2 
MRF140 150 47 15 a= 30. —60 — 06 |;  .244-11/2 | 


Vpp = 50 Volts 


211-07/2 


MRF 148 30 
MRF150 150 211-11/2 
MRF153 300 368-01/2 


MRF 154 368-01/2 — 


TO 225 MHz VHF AM/FM 


For VHF military and commercial aircraft radio transmitters. 


Pout _ Input Power . n 
Output Power Typical Gps (Typ)/Freq. Typical - 
Device Watts Watts dB/MHz Efficiency % |- Package/Style 


Vpp = 28 Volts 


MRF 134 | 14/150 55 . | 211-07/2 
MRF136 38 16/150 . 211-07/2 © 
MRF136Y | 8. 319B-01/1 
MRF137. - - 211-07/2 


MRF172 12.3/150 _ 0. 211-11/2 


Vpp = 50 Volts 


TO 500 MHz UHF AM/FM 


For VHF/UHF military and commercial aircraft radio transmitters. 
Vpp = 28 Volts 


MRF 1 . 244-04/3 
MRF162 2 11/400 So 244-04/3 ~ 
MRF163 - 10/400 244-04/3 


Vpp = 590 Volts 


(1) To be introduced 


New introductions 


MOTOROLA RF DEVICE DATA 


1-3 


RF Power Bipolar Transistors 


Motorola's broad line of bipolar RF power transistors are characterized for operation in RF power amplifiers. Typical applications 
are in military and commercial landmobile, avionics and marine radio transmitters. Groupings are by frequency band and type 
of application. Within each group, the arrangement of devices is by major supply voltage rating, then in the order of increasing 
output power. Details of package dimensions appear on Page 62. All devices are NPN polarity except where otherwise noted. 


HF Transistors 


1.5-30 MHz, HF/SSB 


Designed for broadband operation, these devices feature specified Intermodulation Distortion at rated power output. Applications 
include mobile, marine, fixed station, and amateur HF/SSB equipment, operating from 12.5, 13.6, 28 or 50 volt supplies. 


Pout Pin GpE (Min) 


Output Power Input Power Power Gain 
Device Watts Watts (Max) dB @ 30 MHz Package/Style 
Vcc = 12.5 or 13.6 Volts 
MRF476 3 PEP/CW : 221A-04/1 
MRF475 12 PEP/CW 221A-04/1 
MRF433 12.5 PEP/CW : : 211-07/1 
MRF479 15 PEP/CW ; : 221A-04/2 
MRF406 20 PEP/CW ee 211-07/1 
MRF460 40 PEP/CW : 211-11/1 © 
MRF477 40 PEP/CW 2 221A-04/2 
MRF421 100 PEP/CW : 211-11/1 
Vcc = 28 Volts 
MRF410 10 PEP/CW 0.5 13 211-07/1 
MRF410A 10 PEP/CW 0.5 13 145A-09/1 
MRF485 15 PEP/CW 1.5, 10 221A-04/1 
MRF426 25 PEP/CW 0.16 22 211-07/1 
MRF401 25 PEP/CW 1.25 13 145A-09/1 
MRF466 40 PEP/CW 1.25 15 211-07/1 
MRF486 40 PEP/CW 1.25 15 221A-04/2 
PT9784 (2) 75 PEP/CW 2.4 14.9 (3) 211-07/1 
MRF464 80 PEP/CW 2.53 15 211-11/1 
MRF464A 80 PEP/CW 2.53 15 145A-10/1 
PT9785 100 PEP/CW “5 13 (3) 211-07/1 
MRF422 150 PEP/CW 15 10 211-11/1 


Vcc = 50 Volts 


MRF427 25 PEP/CW 14-14/1 
MRF428 150 PEP/CW 211-11/1 
MRF429 150 PEP/CW 211-11/1 
MRF448 250 PEP/CW at1-11/1 
MRF430 600 PEP/CW 368-01/1 


14-30 MHz, CB/AMATEUR BAND 
These HF transistors are designed for economical, high-volume use in CW, 
Vcc = 12.5 or 13.6 Volts 


MRF476 221A-04/1 
MRF475 221A-04/1 
MRF449A 145A-09/1 
MRF450 211-07/1 

MRF450A 145A-09/1 
MRF455 211-07/1 

MRF455A 145A-09/1 
MRF454 211-11/1. 


MRF458 211-11/1 


(2) Available in .280 SOE stud (Case 244C-01/1) by adding “A” suffix to device number 
(3) Gain specified at 28 MHz 
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27-50 MHz, LOW-BAND FM BAND 
For use in the FM “Low- Band,” for Mobile ecmmuliicationss 


Pout | Pin Gpg (Min) 


Output Power | Input Power — Power Gain 
Watts Watts (Max). dB @50MHz |. | Package/Style 


Vcc = 12.5 or 13.6 Volts 
MRF475 | ee: , |. 221A-04/1 — 
PT8852 (2) | ; | 211-07/1 
PT8853 (2) pe 5 | oD, 211-07/1 
MRF497 * | i. on 221A-04/2 
MRF492 | ee ee 5. 11 ;  244-11/1 
MRF492A 7 ie oe te ieaon 


Vcc = 28 Volts 
PT9780 

Vcc = 50 Volts 
PT9798 — 


PT9790 


VHF Transistors 


30-200 MHz BAND 


Designed for Military Radio and Commercial Aircraft VHF bands, these 28-volt devices elude the all-gold metallized MRF314/ 
15/16/17 high-reliability series. , 


Pout Pin Gpe (Min)/Freq. 


Output Power Input Power Power Gain 
Watts Watts (Max) dB/MHz Package/Style 


Vcc = 28 Volts 


2N3553 ; ) 10/175 — -79-04/1 
PT9730 , 13/175 145D-01/1 
2N5641 | . 8.4/175 ; 144B-05/1 
MRF340 | 13/136 | 221A-04/2 
PT9732 ve 12/175 7 , 145D-01/1 
PT9734 11.8/175 - 145D-01/1 
2N5642 8.2/175 ; 145A-09/1 
MRF342 | 11/136 221A-04/2 
PT9731 | 10/175 145D-01/1 
MRF314 10/150 : 211-07/1 
MRF314A 10/150 145A-09/1 
2N5643 | , 7.6/175 tole 145A-09/1. 
MRF315 : 9/150 211-07/1 
MRF315A 9/150 145A-09/1 
PT9733 | 7/175 ; ~  145D-01/1 
MRF344 | 6/136 221A-04/2 
MRF316 (4) 10/150 ; 316-01/1 
MRF317 (4) E 9/150 316-01/1 
JO1006 (4) | 7/180 ; 316A-01/1 
TPA0102-130 (4) | 9/180 390-01/1 
TP9386 | | | 10/175 : 316A-01/1 


(2) Available in .280 SOE stud (Case 244C-01/1) by adding “A” suffix to device number 
(3) Gain specified at 28 MHz 
_ (4) Internal Impedance Matched 
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66-88 MHz BAND 


Power output chains up to 25 watts output are obtainable in the international VHF FM “Mid-Band” for which these transistors 
are optimized. 


Pout . Pin Gp_E (Min) - 


a Output Power Input Power Power Gain 
Device Watts Watts (Max) dB/MHz . Package/Style 


Vcc = 7.5 Volts 


244C-01/1 
249A-01/1 


Vcc = 12.5 Volts 


MRF229 ee ee | | 79-05/5 
_ MRF232 a 5 145A-09/1 
PT8862 (2) . aaah S$ | ; 211-07/1 
MRF233_ ode tee , zee 145A-09/1 
MRF234.00 7 8. , /  145A-09/1 
PT8864 (2) . a 211-07/1 
TP2180 a 316A-01/1 


88-108 MHz, FM BROADCAST BAND 


These parts are designed for solid state transmitter applications in the FM broadcast band. They feature diffused ballast resistors 
and gold metallization that enhances long term reliability. 


Pout Pin GpeE (Min) 
Output Power input Power Power Gain 
Device Watts Watts (Max) dB/MHz Package/Style 


Vcc = 28 Volts 


TP9380 10.3/108 211-11/1 
TP9383 9.2/108 211-11/1 
TP9390 11/108 © 397-01/4 


136-174 MHz HIGH BAND 


The “workhorse” VHF FM High-Band is served by Motorola with the broadest range of devices and package combinations in 
the industry. 7 | 
Pout Pin GpeE (Min) 
Output Power Input Power Power Gain 
Device Watts Watts (Max) dB @ 175 MHz Package/Style 


Vcc = 12.5 Volts 


2N4427 
MRF604 
MRF553 
MRF607 
TP2306 
TP2307 
2N6080 - 
MRF220 
MRF237 


TP2300 


TP2314 
MRF260 
TP8828 
TP8828F 
MRF212 
MRF261 
2N6081 


(2) Available in .280 SOE stud (Case 244C-01/1) by adding “A” suffix to device number 
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79-04/1 
26-03/1 
317D-02/2 
79-04/1 
79-04/1 


- 79-04/5. 


145A-09/1 
211-07/1 
79-05/5 

145D-01/1 
79-04/5 

221A-04/2 


- 145D-01/1 


211-07/1 
145A-09/1 
221A-04/2 
145A-09/1 


(continued) 


136-174 MHz, HIGH BAND (continued) 


Pout | Pin 


Output Power | - Input Power 


GPE (Min) 


Power Gain 
dB @ 175 MHz 


Watts | _. Watts (Max) 
Voc = 12.5 Volts — continued | , poe 


MRF221 
MRF262 
MRF2628 
TP2317 
2N6082 
TP2325 
2N6083 
MRF238 
MRF239 
MRF264 
MRF1946 
MRF1946A 
TP2330 
TP2330F 
TP2335 
JO4036 (4) 
2N6084 
MRF224 
MRF240 
MRF240A 
PT8874 (2) 
TP2304 
JO4045 (4) 
MRF4070 (4) 
TP2370 
MRF247 (4) 


225 MHz, ULTRA HIGH BAND 


Package/Style 


211-07/1 
221A-04/2 
244-04/1 
145D-01/1 
145A-09/1 
145D-01/1 
145A-09/1 
145A-09/1 
145A-09/1 
221A-04/2 
211-07/1 
145A-09/1 
145D-01/1: 
211-07/1 


- 145D-01/1 


316A-01/1 
145A-09/1 
211-07/1 
145A-09/1 
211-07/1 
211-07/1 
145D-01/1 | 
316A-01/1 
316-01/1 © 
145D-01/1 
316-01/1 


Specifically designed and characterized for the 225 MHz band, these devices eliminate the guesswork required when agapling 
175 MHz characterized devices to this application. 
Pout Pin | Gp_ (Min) 
Output Power Input Power Power Gain 
Watts Watts (Max) — dB @ 225 MHz Package/Style 


Vcc = 12.5 Volts 


MRF207 
MRF227 
TP2031 
MRF208 
TP2032 
TP2032F 
MRF226 
TP2033 
TP2034 
TP2034F 
TP2037 


(2) Available in 280 SOE stud (Case 244C-01/1) by adding “A” suffix to device number 
(4) Internal Impedance Matched 
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79-04/1 
79-05/5 
79-04/5 
145A-09/1 
145D-01/1 
211-07/1 
145A-09/1 
145D-01/1 
145D-01/1 
211-07/1 
145D-01/1 


UHF Transistors 


100-400 MHz BAND 


Stringent requirements of the UHF Military band are met by MRF325, 326, 327, 329, 2N6439 and 2N6985 types, with all-gold 
metal systems, specified ruggedness and programmed wirebond construction, to assure consistent input impedances for 
internally matched parts. Hi-Rel versions of these transistors are available upon request. 


Pout Pin : Gp_E (Min) 
| Output Power Input Power Power Gain 05C 
Device Watts Watts dB @ 400 MHz °C/W Package/Style 
Vcc = 28 Volts 
MRF525_— 0.02 0.001 |] 13 60 79-05/5 
2N3866 1 0.1 10 35 79-04/1 
2N5160 (5) 1 0.16 8 35 79-04/1 
PT9700 1.5 0.12 11 35 244C-01/4 
MRF5174 2 0.125 12 36 244-04/1 
PT9701B 5 0.63 9 17.5 244C-01/1 
PT9703B 10 1.52 8.2 8.8 244C-01/1 
PT9702B 20 4 7 4.4 244C-01/1 
PT9704B 30 6 7 2.5 244C-01/1 
MRA0204-30V (4) 30 3.8 9 2.4 316A-01/1 
MRF325 (4) 30 4.3 8.5 2.2 316-01/1 
MRF326 (4) 40 8 . <] 1.6 316-01/14 
TPM4040 40 4 10 2 827-01/1 
JO2015A 50 fs) 10 1.25 316A-01/1 
MRF309 (4) 50 10 7 12 316-01/1 
2N6439 (4) 60 10 ; 7.8 12 316-01/1 
MRA0204-60 (4) 60 6.75 gS 1.25 316A-01/1 
MRA0204-60V (4) 60 10 7.8 1.25 316A-01/1 
MRA0204-60VH (4) 60 10 7.8 1.25 402A-01/1: 
MRF390 (6) 60 6.8 75 1.3 744A-01/1 
MRA0204-70 (4) 70 10 8.5 1.2 316A-01/1 
MRF327 (4) 80 14.9 t3 0.7 316-01/1 
MRF329 (4) 100 20 if, 0.7 333-03/1 
TPM4100 100 17.8 7.5 0.85 827-01/1 
MRT0204-110V (4) 110 ae 7 0.65 390-01/1 
MRF392 (6) 125 19.8 8 0.7 744A-01/1 
2N6985 (6) 125 19.8 8 0.7 382-01/1 
TPM4130 130 24.8 Fe | 0.85 827-01/1 


100-500 MHz BAND 


Similar to the 100—400 MHz transistors, these devices have bandwidth capabilities allowing their use to 500 MHz. All have 
nitride passivated die, gold metal systems, specified ruggedness and controlled wireband construction to meet the stringent 
requirements of military space applications. Hi-Rel versions are available upon request. 


Pin 
Input Power 
Watts 


Gp_ (Min)/Freq. 
Power Gain 
dB/MHz 


Pout 
Output Power 


Watts 


VAT 
°C/W Package/Style 


Vcc = 28V 


i 15/400 305A-01/1 


MRF313 
MRF321 10 12/400 ; 244-04/1 
MRF323 20 10/400 244-04/1 


75 75/500 390-01/1 
75 7/500 390-01/1 
100 7.5/500 744A-01/1 
100 7.5/500 382-01/1 


MRT0105-75 (4) 
MRT0105-75V (4) 
MRF393 (6) 
2N6986 (6) 


(4) internal Impedance Matched 
(5) PNP 
(6) Internal Impedance Matched Push-Pull Transistors 
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500-1000 MHz BAND 


Capable of operation in either class AB or C, the following device is designed for operation to 1 GHz. Gold ctalliead die, 
diffused emitter ballast resistors and a hermetic pacnage make the MRA0510-50H suitable for industrial or military applesions 


Pout Pin Gpe (Min) . 
Output Power Input Power Power Gain — JC 
Device Watts Watts dB @ 1 GHz . °C/W Package/Style 


Vec = 28 Volts | i . 
| _MRA0510-50H a: 50 10 7 [1 | 39t-o1t | 


400-512 MHz BAND 
Higher power output devices in this UHF power transistor series feature internally input-matched construction, are designed 
for broadband operation, and have guaranteed ruggedness under output mismatch and RF overdrive conditions. Devices are 
specified for handheld, mobile and base station operation. 


Pout | Pin GpE (Min)/Freq. 
Output Power Input Power Power Gain JC 
Device Watts Waits dB/MHz = °C/W Package/Style 
Vcc = 7.5 Volts — 
TP251 12.4/470 60 305C-01/1 
MRF 750 10/470 29 305A-01/1 
TP254 9.3/470. 15 244C-01/1 
TP254S 9.3/470 - a 15+ 2 .. 249A-01/1 
MRF752 8/470 - f2 249-05/1 
TP2007A 4.3/470 4 249A-01/1 
MRF 754 6/470 5 249-05/1 


Vcc = 12.5 Volts 


MRF627 0.5 0.05 10/470 28.5 305A-01/1 
MRF581 (7) 0.6 0.03 | 13/500 40 317-01/2 
MRF515 0.75 0m. 8/470 70 79-04/1 
MRF555 1.5 0.15 10/470. 25 317D-02/2 
2N5944 : 2 0.25 9/470 35 244-04/1 
MRF629 2 0.32 8/470 35 79-05/5 
PT8809A © 2 0.2 : 10/470 10 244C-01/1 
TP2502 2 0.2 10/470 12 249A-01/1 
MRF630 3 0.33 — 9.5/470 20 79-05/5 
2N5945 | 4 0.64 8/470 11.7 244-04/1 
MRF652 5 0.5 10/512 7 244-04/1 
PT8810 5 0.7 8.5/470 5 244C-01/1 
TP2503 5 0.7 8.5/470 10 249A-01/1 
TP2505 5 0.7 8.5/470 , 8 244C-01/1 
TP2505S 5 0.7 8.5/470 5 249A-01/1 
MRF660 7 2 5.4/470 7 221A-04/2 
2N5946 10 2.5 6/470 4.7 244-04/1 
MRF653 10 2 7/512 7 4 244-04/1 
PT8811A 10 2.5 6/470 35 244C-01/1. 
TP2510 10 2.5 6/470 3.5 244C-01/1 
TP2511 10 . 4 10/470 3.5 319C-01/2 
MRF641 (4) 15 2.5 7.8/470 4 316-01/1 
MRF654 (4) 15 2.5 7.8/470 4. 244-04/1 
TP2520 20 2 10/470 3.5 828-01/1 
MRF644 (4) 25 5.9 6.2/470 316-01/1 
JO3037 (4) 37 12 4.9/512 316A-01/1 
MRF646 (4) 40 13.3 4.8/470 316-01/1 
4.4/470 316-01/1 


(1) To be introduced 
(4) Internal Impedance Matched 
(7) Small signal gain. Po is Typ. 
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UHF TRANSISTORS (continued) 


400-512 MHz BAND (continued) 


Pout Pin Gpe (Min)/Freq. 
-Qutput Power | Input Power Power Gain 
Watts Watts dB/MHz Package/Style 


Vcc = 23 Volts 


Vcc = 24 Volts 


TP5002 | 13/470 { 244C-01/1 
TP5002S 13/470 249A-01/1 
TP5015 11/470 7 319C-01/2 


TP5040 9/470 395-01/1 
TP5060 . . . 6/470 827-01/1 


Vcc = 28 Volts 


9/470 ; 316A-01/1 
9.5/470 ; 827-01/1 
7.3/470 333-03/1 


800 MHz Transistors 


806-960 MHz BAND 

Designed specifically for the 800 MHz mobile radio band, types MRF840 through 847 offer superior gain and ruggedness, using 
the unique CS-12 package, which minimizes common-element impedance, and thus maximizes gain and stability. Devices are 
listed for mobile and base station applications. 


Pout Pin Gp (Min)/Freq. 


: Output Power ‘Input Power Power Gain 
Device dB/MHz Package/Style 


Vcc = 9.6 Volts 


9.5/900 305B-01/1 
9.5/900 305C-01/1 
7.5/900 305B-01/1 
7.5/900 305C-01/1 
7/900 305B-01/1 
7/900 305C-01/1 
6/900 244C-01/1 
6/900 249A-01/1 


Vcc = 12.5 Volts 


MRF559 Oe 317-01/2 
MRF581 aus oF 0. 317-01/2 
MRF837 . 317-01/1 

MRF8372 . ; . #51-02/1 

TP3009 . via ; 305B-01/1 
TP3009S ' ; 305C-01/1 
MRF838 ; ais Ii 305A-01/1 


MRF838A . . | 305-01/1 
MRF557_ Cr 0. 317D-02/2 
TP3010 305B-01/1 
TP3010S — | 305C-01/1 
MRF839 | ; 305A-01/1 
MRF839F _ . 319-06/2 
TP3011 ; 244C-01/1 


(4) Internal Impedance Matched (continued) 
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Vcc 


806-960 MHz BAND (continued) 


Pout Pin | Gp (Min)/Freq. 
Output Power. | |. input Power -. Power Gain 


Device _ Watts = | Watts dB/MHz 


Vcc = 12.5 Volts — continued 


TP3011S -_ 0. -. 7/900 
TP3013 . ,  Q, 7.5/900 
MRF841F ? 8.5/870 
MRF840 (4) oy 2. 6/870 
TP3012.°- : | : 7/900 
MRF843 (4) | . 7/870. 
MRF843F (4) 7 ae 7/870 
MRF873.(4) : 1 ee oy 

MRF842 (4) | _ Se | 6/870 
MRF844 (4) = ss ft BO 1% 5.2/870 
MRF846 (4) 4.3/870 


24 Volts 


MRF890 ; 9/900 
PTE801 ‘ 9/960 
TP3023 . : 9/960 (8) 
MRF891 : 9/900 
MRF892 (4) 8.5/900 


Package/Style 


249A-01/1 
319C-01/2 
319-06/1 
319-06/1 
319C-01/2 
244-04/4 
319-06/1 
319-06/1 
319-06/1 © 
'319-06/1 
319-06/1 


305-01/1 


'305B-01/1 


244C-01/1 
319-06/2 
319-06/1 


JO3501 (4) 10/960 4, 828-01/1 

TP3026 | 8/960 (8) ; 319C-01/2 

MRF894 (4) | May . ee 7/900 » | 5 319-06/1 

JO3502 (4) Ky, 4 7.7/960° 319C-01/1 

TP3040 | . : 8/960 (8) 319C-01/2 ; : 
MRF898 (4) | 7/900 : 333A-02/1 


Vcc = 26 Volts 


TP3020A 
TP3022A 
TP3024A 


244C-01/1 


319C-01/2. 
395-01/1 


Microwave Transistors 


L-BAND PULSE POWER 


These products are designed to operate in short pulse width, 10 ws, low duty cycle, 1%, power arapitiees operating in the 960 
to 1215 MHz band. All devices have internal impedance matching. The prime application is avionics equipment for distance 
measuring (DME), area navigation Age) and interrogation (IFF). All devices offered with nelnetlc option. 


Pout . Pin Gp (Min) 


Output Power Input Power Power Gain . 
: Watts dB @ 1090 MHz |. _ Package/Style 


Vcc = 18 Volts — Class A & AB Common Emitter 


MRF1000MA : 0.0 332-04/2 
MRF1000MB | 0: 7 | 332A-01/2 
MRF1000MC 7 OB 0.02 » ) 25 361A-01/2 


(4) Internal Impedance Matched 
(8) Class AB 
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MICROWAVE TRANSISTORS (continued) 


L-BAND PULSE POWER (continued) 


ee : Output Power |. | Input Power =|. Power Gain 
Device Watts dB @ 1090 MHz 


Package/Style — 


Vcc = 35 Volts — Class B & C Common Base 


MRF1002MA 
MRF1002MB 
MRF 1002MC 
MRF1004MA 
MRF1004MB 
MRF 1004MC 
MRF1008MA 
MRF 1008MB 
MRF 1008MC 


MRF1015MA 
MRF1015MB 
MRF1015MC 
MRF1035MA 
MRF1035MB 
MRF1035MC 
MRF1090MA 
MRF1090MB 
MRF1090MC 
MRF1150M 

MRF1150MA 
MRF1150MB | 
MRF1150MC 
MRF1250M 

MRF1325M 


L-BAND LONG PULSE POWER 


332-04/1 
332A-01/1 
361A-01/1 

332-04/1 
332A-01/1 
361A-01/1 
-332-04/1 
332A-01/1 
361A-01/1 


332-04/1 
332A-01/1 
361A-01/1 
332-04/1 
332A-01/1 
361A-01/1 
332-04/1 
332A-01/1 
361A-01/1 
336-03/2 
332-04/1 
332A-01/1 


361A-01/1 © 


336-03/2 | 
336-03/2 


These products are designed for pulse power amplifier applications in the 960 to 1215 MHz frequency range. They are capable 
of handling up to 10 us pulses in long pulse trains resulting in up to a 50% duty cycle over a 3.5 millisecond interval. Overall 
duty cycle is limited to 25% maximum. The primary applications for devices of this type are military systems, specifically JTIDS 
and commercial systems, specifically Mode S. Package type is hermetic. 


Pout Pin GpB (Min) 
Output Power Input Power Power Gain 
Device Watts | Watts dB @ 1215 MHz Package/Style 


Vcc = 28 Volts — Class.C Common Base 


Vcc = 36 Volts — Class C Common Base 


(1) To be introduced 
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1.7-2.3 GHz BROADBAND CW 
The MRF2000M Series of transistors have internal input impedance matching : networks which facilitate broadband circuit designs 
in the 1.7 to 2.3 GHz telecommunications band. 


Pout . Pin ae Gpp (Min) 


Output Power input Power Power Gain . 
Watts Watts dB @ 2 GHz Package/Style 


Vcc = 24 Volts — Class B & C Common Base 


MRF2001M 337-02/1 
MRF2003M ; 337-02/1 
MRF2005M 89 337-02/1 
MRF2010M 337-02/1 
MRF2016M . ; 337-02/1 


2 GHz NARROWBAND CW 


The MRF2000 Series of NPN Silicon microwave power transistors are egsigke? for common base service in amplifier or 
oscillator applications in the 1 to 2.38 GHz frequency range. 


Pout Pin | Gpp (Min) 
Output Power Input Power Power Gain 
Device Watts Watts — dB @ 2 GHz Package/Style 


Vcc = 28 Volts — Class B & C Common Base 


MRF2001 
MRF2001B 


TRW2001 (9) | 


MRF2003 
MRF2003B 
TRW2003 (9) 
MRF2005 
MRF2005B 
TRW2005 (9) 
MRF2010 
MRF2010B 
TRW2010 (9) 
TRW2015 (9) 
TRW2020 (9) 


RaRoOoOOoOMUMMWOWwW4 A 


ol ; NIN 
PNMADDMDHMHSD SOOO 


328A-01/1 
328-02/1 
328F-01/2 
328A-01/1 
328-02/1 
328F-01/2 
328A-01/1 
328-02/1 
328F-01/2 
328A-01/1 
328-02/1 
328F-01/2 
393-01/1 
393-01/1 


2.3 GHz NARROWBAND CW 


The TRW2300 Series are common-base configured transistors in hermetic packages with guaranteed performance character- 
istics at 2.3 GHz. They feature diffused ballast resistors and gold metallization for extreme ruggedness and reliability. All are 
available with TX equivalent screening. 


Pout Pin Gpp (Min) 
Output Power input Power Power Gain 
Device Watts Watts dB @ 2.3 GHz Package/Style 


Voc = 20 Volts 


TRW2301 


TRW2304 
TRW2307 


328F-01/2 
328F-01/2 
328F-01/2 


(9) Available in flangeless package by placing suffix “F” after device number 
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MICROWAVE TRANSISTORS (centinued) 


3 GHz NARROWBAND CW 


The TRW3000 Series are the industry's first 100% VSWR tolerant 3 GHz devices. They are common-base configured in 
hermetic packages (with or without flanges) and rated for 28 volt operation. 


Pout Pin Gpg (Min) 


Output Power Input Power Power Gain 
Watts Watts dB @ 3 GHz Package/Style - 


Vcc = 28 Volts 


TRW3001 328F-01/2 
TRW3003 . 328F-01/2 


TRW3005 | 328F-01/2 


0.6-2.7 GHz BROADBAND COMMON BASE 


The MicRoAmp transistor employs MOS capacitors and other matching elements to transform the input, and in some devices, 
the output impedance to a more manageable level prior to the point where package parasitics can reduce the bandwidth 
capability (U.S. Patent 3,713,006). These devices are assembled in common-base configuration and include an all-gold metal 
system and diffused ballast resistors for long life. Those epoxy-sealed devices followed by Note 10 are also available i in hermetic 
packages and TX equivalent. 


MRAL2327-12 


Vcc = 28 Volts 


2300-2700 


Instantaneous Min 
Frequency Output 
Range Power 
Device _ F-Fy (MHz) Watts Package/Style 
Vcc = 22 V 
MRAL1417-2 ~ 1400-1700 394-01/1 
MRAL1417-6 1400-1700 394-01/1 
MRAL1417-11 1400-1700 394-01/1 
MRAL1417-25 1400-1700 394-01/1 
MRAL1720-2 1700-2000 394-01/1 
MRAL1720-5 1700-2000 394-01/1 
MRAL1 720-9 1700-2000 394-01/1 
MRAL1 720-20 1700-2000 394-01/1 
MRAL2023-1.5 (10) 2000-2300 394-01/1 
MRAL2023-3 (10) 2000-2300 394-01/1 
MRAL2023-6 (10) 2000-~2300 394-01/1 
MRAL2023-12 (10) 2000-2300 394-01/1 
MRAL2023-18 (10) 2000-2300 394-01/1 
MRAL2327-1.3 2300-2700 394-01/1 
MRAL2327-3 2300-2700 394-01/1 
MRAL2327-6 2300-2700 394-01/1 


394-01/1 


MRA0610-3 (10) 600-1000 394-01/4 
MRA0610-9 (10) 600-1000 394-01/1 
MRA0610-18A (10) 600-1000 394-01/1 
MRA0610-40A 600-1000 394-01/1 
MRA1014-2 (10) 1000-1400 394-01/1 
MRA1014-6 (10) 1000-1400 394-01/1 - 
MRA1014-12 (10) 1000-1400 394-01/1 
MRA1014-35 1000-1400 394-01/1 
MRA1214-55H 1200-1400 402-01/1 
MRA1417-2(10) 1400-1700 394-01/1 
MRA1417-6(10) 1400-1700 394-01/1 
MRA1417-11(10) 1400-1700 394-01/1 
MRA1417-25A 1400-1700 394-01/1 


MRA1 720-2 


1700-2000 


(10) Hermetic package Case 393-01/1 is available by placing suffix “H” after device number 
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394-01/1 


(continued) 


0.6-2.7 GHz BROADBAND COMMON BASE (continued) 


Instantaneous 
Frequency 


Range : | nO os 
FL-Fy (MHz) | get | Package/Style 


Vcc = 28 Volts — continued 


MRA1720-5 1700-2000. | = | 7 394-01/1 
MRA1720-9 1700-2000 | Pale S65 45 394-01/1 
MRA1720-20 1700-2000 EADDe: | |  394-01/1 


POWER OSCILLATORS 


These oscillator devices are common collector configuration with diffused ballast resistors, gold metallization and hermetic 
packages to provide nigh reliability in severe environmental conditions. Each is fully characterized for Powe! oscillator 


applications. 
Operating ' Output Power — Watts/@ ae —GHz 


Conditions os | | 
VcE/Ic - , “ae a | 
VimA Typ @ Low F Typ @ Mid F | Typ @ HighF Package/Style 


~ TRW62601 20/220 . 1.85/2.5 - 1.38 ; 0. ; -328F-01/3 
TRW62602 20/440 2.5/2 ay 3, 328F-01/3 | 
TRW63601 — 20/120 6/2. : 0.75/2.3 5/2. .28/3.3 328F-01/3 
TRW63602 _ 20/230 2/2. 1.5/2.3 se 55/3.3 - 328F-01/3 
TRW64601 20/120 3/4. 0.55/3 . 328F-01/3 
TRW64602 20/240 | 1.2/3 : ; 328F-01/3 


Linear Transistors 


The following sections describe a wide variety of devices specifically characterized for linear amplification. Included are low 
‘power and high cow parts covering frequencies from 100 MHz to 4 GHz. 


TO 1 GHz, CLASS A 


These devices offer a selection of performance and price for linear amplification to 1 GHz. The “MRA” prefix satis are input 
matched and feature high overdrive and extreme ruggedness capability. 


Po @ 1 dB GSS (Min) Freq. Bias 
Comp. Point | Small Signal Gain | - Point Set 
Watts dB MHz (Vdc/A) Package/Style 


Vcc = 19 Volts 


MRA1000-3.5L 10/1000 145D-01/1 
MRA1000-7L 9/1000 ; 145D-01/1 
MRA1000-14L 8/1000 145D-01/1 
MRA0500-19L — 8/500 ; 145D-01/1. 


Vcc = 25 Volts 


RF1029 8/1000 j 244A-01/1 
RF 1030 7.5/1000 244A-01/1 
RF1031 - 7/1000 : 244A-01/1 
RF1032 6.5/1000 ; 244A-01/1 
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LINEAR TRANSISTORS (continued) 


VHF ULTRA LINEAR FOR TV APPLICATIONS 


The following devices have been characterized for ultra-linear applications such as low-power TV transmitters in Band III. Each 
features diffused ballast resistors and an all-gold metal system to provide enhanced reliability and ruggedness. 


Gp (Min)/Freq. 


Power Gain 
dB/MHz . Package/Style 


Vcc = 28 Volts 


TPV394A | 15/225 244C-01/1 
TPV364 10/225 145D-01/1 
TPV385 14/225 1. 316A-01/1 


TPV375 8/225 15 211-11/1 
TPV387 (34) 12/225 | 1 | 316A-01/1 
TPV376 7.5/225 316A-01/1 
TPV3100 (34) | 14/225 827-04/1 


Vcc = 32 Volts 


UHF ULTRA LINEAR FOR TV APPLICATIONS 


The following devices have been characterized for ultra-linear applications such as low-power TV transmitters in Band IV and 
V. Each features diffused ballast resistors and an all-goid metal system to provide enhanced reliability and ruggedness. 


Po @1dB Gp (Min)/Freq. 3 Tone 
Comp. Point Power Gain . 
Device Watts dB/MHz Package/Style 


Vec = 20 Volts 


TPV590 14/860 305B-01/1 
TPV591 13/860 305B-01/1 
TPV596 | 11.5/860 — 244C-01/1 
TPV597 ~ 10.5/860 | 7 244C-01/1 
TPV598 4 7/860 244C-01/1 


Vcc = 25 Volts 


TPV693 . 9.5/860 224C-01/1 
TPV593 - 8.5/860 224C-01/1 
TPV698 8.5/860 224C-01/1 
TPV657 8/860 827-01/1 


TPV595A 8.5/860 395-01/1 
TPV695A 9.5/860 ; 395-01/1 
TPV7025 8.5/860 398-01/1 


Vcc = 26 Volts 


TPV695B 30 8.5/860 dB Comp. 395-01/1 


Vcc = 28 Volts | 
TPV5051 6.5/860 . 395-01/1 


TPV5055B 7/860 ; 398-01/1 
TPV6080B 7/860 : 397-01/1 


(34) Device listed with alternate specifications 
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MICROWAVE LINEAR POWER 


Common emitter microwave devices are offered for a wide variety of uses in small and medium signal, Class A, AB and C 
applications up to 4 GHz. The use of all-gold metal systems, diffused ballast resistors and hermetic packaging results in devices 
that display excellent reliability even in military environment. Many part types are available with off-the-shelf TX equivalent 
screening. 


GSS (Min) Freq. Emitter 
Small Signal Gain ; Current 
dB/GHz mA Package/Style 


TRW52001 
TRW52101 
TRW52201 
TRW52401 
TRW52501 (11) 
TRW52601 (11) 
TRW52102 
TRW52202 
TRW52402 
TRW52502 (11) 
TRW52602 
TRW52104 
TRW52204 
TRW52504 
TRW52604 (11) 
TRW53001 
TRW53101 
TRW53201 
TRW53401 
TRW53501 (11) 
TRW53601 (11) 
TRW53102 
TRW53202 
TRW53402 
TRW53502 
TRW53602 (11) 
TRW53505 
TRW53605 
TRW54001 
TRW54101 
TRW54201 
TRW54501 (11) 
TRW54601 (11) 


Ss 


a a a So a 7 
AQnaannua 


DDODMDWAWWWwWwW 


400-01/1 
328E-01/2 
401A-01/1 
328G-01/1 


- 401-01/1 


328F-01/1 
328E-01/2 
401A-01/1 
328G-01/1 
401-01/1 
328F-01/1 
328E-01/2 
401A-01/1 
401-01/1 
328F-01/1 
400-01/1 
328E-01/2 
401A-01/1 
328G-01/1 
401-01/1 
328F-01/1 
328E-01/2 
401A-01/1 
328G-01/1 
401-01/1 
328F-01/1 
401-01/1 
328F-01/1 
400-01/1 
328E-01/2 
401A-01/1 
401-01/1 
328F-01/1 


(11) Available in JTX equivalent by replacing “TRW” with “TX” prefix 


BIAS DEVICES 


The BT500 and BT500F bias devices are used to provide the proper bias point for Class AB linear amplifiers. They feature 
excellent thermal tracking and simple external circuitry. The BT500 is a hermetic, metal sealed device. 


Package/Style 


Bias Devices for Class AB 28—50 Volt Transistors 


BT500 400-500 20-80 036-03/1 
BTSOOF 400-500 20-80 211-07/1 


(11) Available in JTX equivalent by replacing “TRW” with “TX” prefix 
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RF SMALL-SIGNAL BIPOLAR TRANSISTORS (continued) 


RF Smali-Signai 
Bipolar Transistors 


RF Small-Signal Transistor . 
Gain Characteristics 


Curve numbers apply to transistors 
listed in the subsequent tables. 


Selection by Package 


In small-signal RF applications, the package style is often 
determined by the end application or circuit construction tech- 
nique. To aid the circuit designer in device selection, the 
Motorola broad range of RF small-signal amplifier transistors 
is organized by package. Devices for other applications such 
as oscillators or switches are shown in the appropriate pre- 
ceding tables. These devices are NPN polarity unless oth- 
erwise designated. | 


ft, GAIN BANDWIDTH PRODUCT (GHz) 


0.1 25 6/40 1b-* «20 30 90 75 100 150 
Ic, COLLECTOR CURRENT (mA) 


@ 


NF @ 
dB V(BR)CEO Ic PT 
Volts mA mW 


PLASTIC SOE CASE 


MPS536 (5) 
MPS571 


MPS911 
MPS3866 


13 512 18 


5 : 15.5 


12.5 1000 
500 


12.5 


12 1000 


—_ as — 
on Oo © 


(5) PNP (continued) 
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PLASTIC SOE CASE onine 


fr @ No. 


Ic PT 
mA mW Package > 


BFR9O 
BFRQ1 
BFR96 
BFW92A 
MRF580 
MRF580A 
Case 317D-01/2,3 
MRF542 (12) 
MRF543 (5) (12) 
MRF553 
MRF555 
MRF557 


mons [ss [eo fe [as Po [ie [oe [of | a 
Te [eto 

is [s 

= 


MMBR911 | 500 | 
| 24 | 500 | 

500 | 

Bae 


BFR93 


aoe 
eed aa 

MMBR920 500 | 15 
MMBRE30 Se 
MMBRO4 zoo | 125 | 2000 | 10 
Laie | 

ae 

o | 3 

ae 

2 eae 


eer 


MMBR4957 (5) 
MMBR5031 
MMBR5179 


fies 
=z 
MMBRO6' Pe ee ee ee 
Ese! 
oy 
ces 


MRF5211,L (5) 
MRF5711,L 
MRF9011,L 
MRF9331,L 


[as 00 [25 | 1000 


80 
0 


5 
300 


“NI 
o 
8 


(5) PNP 
(12) Common Base Configuration New introductions 
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SELECTION BY PACKAGE (continued) 


PLASTIC SOE CASE (continued) 


Gain-Bandwidth Noise Figure | Gain Maximum Ratings 
ig —) Curve : : 
fr @ No. NF @ <a 
Ic | Page dB f dB f V(BR)CEO Ic 
Device mA 36 Typ MHz Typ MHz Volts mA Package 


Case 751-02/1 — SO-8 


ae — ee iL : a 


MRF8372 


CERAMIC SOE CASE 
Case 144D-06/1 


2N5947 1.5 75 3 3.8 200 11 250 30 400 5000 i 
MRF5114 | 21 = z | 7.3 = 11 250 25 250 5000 Ae 
Case 244A-01/1,3 

LT2001 ars 

LT5217 (5) 4 

MRF546 (12) oe: 

MRF547 (12) (5) — 

MRF548 (12) — 

MRF549 (12) (5) — 

MRF587 5.5 

PT4572A 2.5 


Case 244C-01/1 


TP3402 5 00 
Case 244D-01/1 


LT4217 5.0 90 — 


Case 249A-01/1 


TP3401S | 5 | 150 — 


Lage 
(5) PNP 
(12) Common Base Configuration 


New introductions 
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CERAMIC SOE CASE (continued) 


Noise Figure 


Gain Maximum Ratings 
@ . 
dB f V(BR)CEO 
Min | MHz Volts Package 


=e 
1000 | 15 | 30 a : 


1000 


Case 303-01/1 


2N6603 . 5.5 | 15 en ee ae 


2N6604 


| 74700 | ie 
MRF942 a |. 1 ~ | 17 | 2000 | 125 | 5000 
MRF952 75 | 30 ~| ~—: | 1.7. | 2000-| 125 | 2000 i 
[ 


MRF522 (5) 
MRF572 
L MRF962 
Case 305B-01/1 


= : aa 
LT3005 3 90 f 2.5 300 14 300 20 200 5000 
“ete pete ett] OP 
TP3400 3 125 = Il 7 500 es dace ___860 20 400 5000 


Case 358-01/1 


het aa | — F “sy 
ware | 8 50 18 2 |. 1000 leap 1000 7 10 70 750 >< 
ae 


Case 401-01/1 


LT3014 3 90 7 3.1 300 14 500 “20 200 5000 TA 


METAL CAN 
Case 20-03/10, TO-206AF 
i = cr 
Lene sk | 1.6 - 8 8 45 Th 450 i 12.5 | 450 | 15 | 40 [ 200 af 
aa i 
| 2N4957 (5) [| +6 fh 2 Ti 10 3 450 L 17 | 450 | 30 30 Ie. 200. | 
ry q +— | 
i (5) — 1.5 a 2 “y 10 _| 3.3 | 450 ae 16 Hi 450 30 i 30 200 
2N4959 (5) 1.5 2 os 10 | 3.8 450 45 J 450 | 30 i: 30 200 | 
| 2N508: | 1 po 8 Hl 2.5 =. 450 14 450 | 10 
L 2N5032 | 1.5 5 8 3 450 14 450 10 | 
2N5179 1.4 10 8 | 4:5 I 200 15 a 200 12 a 
ee —_—| a aaa 4 t = - 
2N6304 1.8 10 a 9 4.5 | 450 | 15 450 ae 15 i 50 200 | 
= thee 
| 2N6305 1.8 10 9 5.5 il 450 | aan 450 | 15 - 50 200 | 
ee =>} 
| BFR99 (5) 1.7 10 9 6 800 ee cee ae 25 50 225 
| BEX89 1.6 25 9 6.5 500 lr 19 200 15 [ 50 
mas sieea ea = oils ay Lae — 


(5) PNP 


New introductions 
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SELECTION BY PACKAGE (continued) 


METAL CAN (continued) 


Maximum Ratings 


lc Pr 
mA mW 


7 


—k ee ee NO 
(o>) NM] oO = 
—_ — fo ~~ 
— +i sla —_ 
ie) Q |W [e) 
— — jf — 


15 (13) 


150 


2500 


7 750 


gl 
sle 


2500 
5000 
3500 
3000 
3000 
3000 
3500 
3500 
2500 
2500 
3500 
3500 


—s 
—_— 


ine) 
wo 
(ee) 
[on 
(an) 
—_oh 
at 
ig) 
del (ama od here 
(ee) 
Oo 
(on) 


400 
500 
400 
200 
400 
300 


— 
are 


ify) 


Tis [10 [5] 
, 


33] 
oO 
— 
nw 
NIN 
@ | 
ae) 
oO 
Oo 
— 
—s 
in 
an 
Nh 
oS 
Oo 


400 
150 
150 
400 


MM8001 


MRF517 27 300 | 10(13) | 300 


wares@) fe | fe | — | 
es 


400 


—_ 
(o>) 
or] mo 
cae |S 
@ | 
NO 
Qn 


N 
(Sy) 
o 


MAFSEG as [eo | a7 [4 | S00 500 2500 
pT4579 [es | [6 | 2s [300 300 | 2 3000 
500 500 200_| 3500 | 
(5) PNP | 

(13) Typical 
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Low-Noise 


The Smail-Signal devices listed are designed: for low noise and high gain amplifier mixer, and multiplier applications. Each 
transistor type is available in various packages. Polarity is NPN unless otherwise noted. 


re eee ' Curve Number 
a . Case . : se 
Package Name. Number 1 / a2 4 5 6 
+ | 
~ MACRO-T 317A-01/2 = ee a 3 MRF580 | — 
ace eee 
MRFO41 |. MRF571 
MACRO-X 317-01/2 — MRF951(27) MRF521 MRE2369(26) MRF581 MRFS901 Mr 1 
Sree 
; 7 : 2N6618 | MRF942 — = | 
.1” Ceramic 303-01/1 2N6679(27) | MRE952(27) MRFS22 MRF572 2N6603 
| ease ee 4 ee ce 
.07" Ceramic 303A-01/1 2N6617 — — — = 
=e oa ee 
MICRO-X MRF94 
(To Be Introduced) Peal i MRF953( MRF523 MBESTS — 
T a en =a + 
TO-206AF ~ 20-03/10 — — MR F524 — - = MRF914 
faces ee a Lele it 
TO-226AA 29-04/2 — — — MPS571 — MPS901 MPS911 
=m Ha a le he Z 
MMBR941. - 
SOT-23 318-05/6 — jatorotn — MMBR571 — MMBR901 | MMBR911 
-t- —— —t 
MRF9411 | MRF5711 
SOT-143 318A-04/1 —_— MRE9511(27) MRF5211 MRF0214 (26) Fooe MRF9011 
—_ 
SO-8 751-02/1 28 ae ee — | MRF5812 
L 


(5) PNP 
(26) Higher Voltage Version 
(27) Higher Current Version 


ao 
as 
; z 
Gain < 
and — 
Noise Figure = a 
versus 2 Ly 
Lop) 
Frequency = c 
F i ae 
je Ww 
wn 
© 
= 
= 
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CATV, MATV and Class A Linear 


For Class A linear CATV/MATV applications. Listed according to increasing gain-bandwidth (fT). 


Distortion Specifications 


Nominal Test 


Conditions 2nd 3rd 12 Ch. 
VcE/ic Typ/Freq. Order Order | Cross- 
Device Volis/mA dB/MHz IMD IMD Mod. 


20-03/10 
20-03/10 
20-03/10 
318-02/6 
79-04/1 
79-04/1 
 -751-02/1 


MRES502 6/5 
MMBR5179 6/5 4/450 
2N5109 3/200 


MRF5943 3.4/200 


Package/ 
Vv Style 
hte 
8 
1 


MR] — 
© | Pp 


| 

i 
+ 
gi 
oO 

le 
(o>) 


(Sea ea IE: 


2N6304 5/10 1800 
2N6305 1800 
ERT 


MMBR5031 2000 1.9/450 
MRE511 20/80 2100 7.3/200 ~50 


) é 
) 


| 
(o>) 
oO 


244A-01/1 
79-04/1 
244A-01/1 
79-04/1 
79-04/1 
244A-01/1 
305B-01/1 


= 
20 
= 
on Pa 
ee = 

20 401-01/1 
ee ee 
Peele aa 
aS mee 
= = 


NM 
(oa) 


ro 
(=) 


| 
om 
ae) 

| 
on 
~ 
+ 
BSN 
on 
Nh 
oO 


_ TP3093 


TP3400 


( 
15/50 3000 | 3.5/500 
18/125 3000 — 7/500 
LT5217 (5 14/90 4000 . 4/500 
LT5239 (5 | ) 


BFW92A | 4500 


| 14/90 4000 | ° 4/500 
MMBR920 ~= | 10/14 4500 2.4/500 
he 410/100 - 


| 
“NI 
ne) 


317-01/2 
15 303-01/1 
15 26-03/1 


- MRF962° 10/50 4500 | 2/500 
“MRFQ6S 10/50 =| 4500 2/500 


14) Available in JTX equivalent by replacing “LT” with “TX” prefix 
28) Output in volts according to DIN45004B 


= 
on 


2) 
v 
Zz 
ne 


(continued 


— 


Tesh oe 


New introductions 
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i i Distortion Specifications 
Nominal Test Melee. Figure pelt P . , 


Conditions | aa 2nd 3rd 12 Ch. 
VceE/Ic - Typ/Freq. Order Order Cross- V(BR)CEO Package/ 
Device Volts/mA dB/MHz IMD - IMD Mod. Style 


a 
ee 


5000 1.9/500 


10/75 5000 317-01/2 
5000 4.8/500 } 317:01/2 


1.8/500 


1.6/1000 
| 1.6/500 


V 
15 
cane z 
13 
8 
5 


High-Voltage 


These discrete devices are specially designed for CRT driver applications requiring high frequency response and high voltage, 
such as high resolution color graphics video monitors. Gold metallized dice are used to insure high reliability and improved | 
ruggedness. 


fr/VcE; Ic | CcB/VcE Package/ 
(GHz) V, | pF/V Style 


NPN 
LT1739 300 15—60 


LT1814 (44) 400 20-60 
LT1839 (14) - 


MRF543 | : 
MRF547 ( es 600 . D44A-01 13 


MRF549 244A-01/3 


(14) Available in JTX equivalent by replacing “LT” with “TX” prefix 


(15) ViBR)CER 
(28) Output in volts according to DIN45004B 


New introductions 
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High-Speed Switches 


The transistors listed below are for use as high-frequency current- mode switches. They are also suitable for RF amplifier and 
oscillator applications. The devices are listed in gsoenelng order of collector current. These devices are NPN polarity unless 
otherwise designated. 


~ Test 
Conditions 7 . 
‘Ic/VcE | . 
Device mA/Volts i Package/Style 
2N3959 22-03/1 


2N3960 
2N5835 


UHF and Microwave Oscillators 


The transistors listed below are for UHF and microwave oscillator applications as initial signal sources or as output stages of 
limited range transmitters. Devices are listed in order of <a output power. | 


Test | Test Conditions = ft 
Vcc o 
Device Volts Typ Package/Style 


High Reliability ‘Complementary 
(MIL) Transistors Devices 


The listed devices are active per QPL-19500 (Qualified 
Products List). For detailed specification, see indicated page 
numbers. 


The transistor complements listed are suitable for most 
applications requiring NPN and PNP devices of similar RF 
characteristics. Special matching of complementary transis- 
tors is available upon request. See indicated pages for 
specifications. 


2N2857 - 
2N3553 
2N3866 
2N3959 


2N3960 
2N4957 
2N5109 
2N6603 
2N6604 


2N2857 2N4958 
2N3866 2N5160 


2N5943 2N5583 
MRF904 : MM4049 
MRF571 | MRF521 


mM OK OK OK KOKO 


(5) PNP (13) Typical New introductions 
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Volume | 


screte Tran 


stor B&B 


Data Sheets 
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MOTOROLA 


= SEMICONDUCTOR aay | 
TECHNICAL DATA N87 


The RF Line | 


NPN SILICON 
RF SMALL-SIGNAL 
_ TRANSISTORS 


NPN SILICON RF SMALL-SIGNAL TRANSISTORS 


. .. designed primarily for use in high-gain, low-noise amplifier, oscil- 
lator, and mixer applications. Can also be used in UHF converter 
applications. 


® High Current-Gain—Bandwidth Product — 
fy = 1.6 GHz (Typ) @ Ic = 8.0 mAdc 


@ Low Collector-Base Time Constant — 
rb Co = 15 ps (Max) @ Ie = 2.0 mAdc 


@ Characterized with Scattering Parameters 


@ Ideal for Micro-Power Applications 


SEATING ‘ 
PLANE STYLE 10: 
PIN 1, EMITTER 
2. BASE 
3. COLLECTOR 
4. CASE 


*MAXIMUM RATINGS 


NOTE: ALL RULES AND NOTES ASSOCIATED WITH TO-72 
OUTLINE SHALL APPLY. 


| MILLIMETERS | INCHES 
MIN | MAX | MIN 
5.84 | 0.209 
{0.178 | 
0.170 
| 0.016 


= 


Collector Current — Continuous 


Total Device Dissipation @ T , = 25°C 
Derate above 25°C 


+ 


me 
0.016 


Total Device Dissipation @ T¢ = 25°C 
Derate above 25°C 


OS IS [re [SC [ze Oimim|o olwl> 


CASE 20-03 
TO-206AF 
(TO-72) 


“Indicates JEDEC Registered Data. 
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2N2857 


*ELECTRICAL CHARACTERISTICS S(T, = 25°C unless otherwise noted) 


Characteristic 


OFF CHARACTERISTICS 


-Collector-Emitter Breakdown Voltage” * 
(Ic = 3.0 mAdc, |g = 0) 


V(BR)CBO 


: Collector-Base Breakdown Voltage 
(Ic = 1.0 wAdc, Ie = 0) 


_Emitter-Base Breakdown Voltage 
(ig = 10 wAde, Ic = 0) 


Collector Cutoff Current 
(Vcp = 15 Vde, te = 0) 


ON CHARACTERISTICS 


DC Current Gain 
(I¢ = 3.0 nAdc, Vcg = 1.0 Vdc) 


DYNAMIC CHARACTERISTICS 


Collector-Base Capacitance 
(VcBg= 10 Vdc, Ie = 0, f = 0.1 to 1.0 MHz) 


Small-Signal, Current Gain 
(Ic = 2.0 mAdc, VcE = 6.0 Vdc, f= 1.0 kHz) 


Collector-Base Time Constant 
(IE = 2.0 mAdc, Vcp = 6.0 Vdc, f.= 31.9 MHz) 


‘Noise Figure (Figure 1) 


(Ig =0.1 mAdc, Vc = 1.0 Vde, Rg = 50 ohms, f = 450 MHz) @ 
(I¢ = 1.5 mAdc, VcE = 6.0 Vde, Rg = 50 ohms, f= 450 MHz). 


FUNCTIONAL TEST 


Common-E mitter Amplifier Power Gain (Figure 1) — 
(Ie =0.1-mAdc, Vcg = 1.0 Vde, f = 450 MHz) @ 


(I¢ = 1.5 mAde, Veg = 6.0 Vde, f= 450 MHz) 


Power Output (Figure 2) sz 
(Ig = 12 mAdc, Vcp = 10 Vdc, f =.500 MHz) 


indicates JEDEC Registered Data. 

*Motorola quarantees this data in addition to JEDEC Registered Data. 
‘O) fy is defined as the frequency at which Inge! extrapolates to unity. 
@ Micro-Power Specifications. 
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FIGURE 2 — TEST CIRCUIT FOR 
OSCILLATOR POWER OUTPUT 


FIGURE 1 — TEST CIRCUIT FOR NOISE 
FIGURE AND POWER GAIN 


Capacitance values in pF 


50 22 3 
DOUBLE-STUB 
TUNER 


0.2 yH 
= (+) Vee 


L1 — 3 turns #16 AWG wire, 3/8” 0.0. 1-1/4” fang. 


O VEE = -7.5 Vde ao 


Capacitance values in pF 


L1, L2 — Silver-plated brass rod, 1-1/2” long and 1/4" dia. Install Apply VEE, and with signal generator adjusted for 5 mV 
at least 1/2" from nearest vertical chassis surface. output from amplifier, tune C1, C3, and C4 for 
L3 - 1/2 turn #16 AWG wire, located 1/4” from and maximum output. 
parallel to L2. ‘ (D) Interchange connections to signal generator and. 


* _ External interlead shield to isolate collector fead from RE valtmater. 
emitter and base leads. (E)- With sufficient signal applied to output terminals of 


Neutralization Procedure: amplifier, adjust C2 for minimum indication.at input. 
(A) Connect 450-MHz signal generator (with Rs =50 ohms) (F) Repeat steps (A), (B), and (C) to determine if retuning 
i is necessary. : : 


to input terminals of amplifier. : 


(B) Connect 50-ohm RF voltmeter across output terminals 
of amplifier. 


FIGURE 3 — NOISE FIGURE versus FREQUENCY FIGURE 4 — NOISE FIGURE versus SOURCE 
: . RESISTANCE AND COLLECTOR CURRENT 


eS aids 500-1 OER ea Oe ea | | Vee = 6.0 Vde 
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f, FREQUENCY (MHz) | ‘Ic, COLLECTOR CURRENT (mAdc) 
FIGURE 5 — NOISE FIGURE versus SOURCE 
RESISTANCE AND COLLECTOR CURRENT 
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FIGURE 6 — CURRENT-GAIN— 
BANDWIDTH PRODUCT » 


oc 
Te er 
AT eaTTS 
Cee AT 
PEC tt 


m 
=) 


_ 
oo 


cad 
a 


— 
> 


_ 
o 


f7, CURRENT-GAIN-—BANOWIDTH PRODUCT (GHz) 
ia] 


ic, COLLECTOR CURRENT (mAdc) 


FIGURE 8 — INPUT ADMITTANCE 
versus FREQUENCY 


Voce = 6.0 Vde 


Hott 


_ Vie. INPUT ADMITTANCE (mmhos) 
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100 150 200 300 400 500 600 
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FIGURE 10 — FORWARD TRANSFER 
ADMITTANCE versus FREQUENCY 
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FIGURE 7 — NOISE FIGURE AND POWER GAIN 
versus COLLECTOR CURRENT 
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FIGURE 9 — OUTPUT ADMITTANCE 
versus FREQUENCY 
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FIGURE 11 -REVERSE TRANSFER 
ADMITTANCE versus FREQUENCY 
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FIGURE 16 — S47, INPUT REFLECTION COEFFICIENT AND S99, OUTPUT REFLECTION COEFFICIENT 
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MOTOROLA RF DEVICE DATA 


MOTOROLA 


= SEMICONDUCTOR oxy 
TECHNICAL DATA 


The RF Line 


2.5 W — 175 MHz 
HIGH FREQUENCY 


TRANSISTOR 
NPN SILICON 


NPN SILICON HIGH-FREQUENCY TRANSISTOR 


. .. designed for amplifier and oscillator applications in military 
and industrial equipment. Suitable for use as output, driver or pre- 
driver stages in VHF equipment. . 


@ Specified 175 MHz, 28 Vdc Characteristics — 
~ Output Power = 2.5 Watts 
Minimum Gain = 10 dB 
Efficiency = 50% 


*MAXIMUM RATINGS 
Rating 


STYLE 1: 


PINT. EMITTER = =f D3 PL 
2, BASE @] 
3 COLLECTOR [+ 0.36 (0.014) ® | | A@|H ®@| 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


Operating and Storage Junction Ty, Tstg | -65 to +200 °C 
. Temperature Range _. . 7 


*indicates JEDEC Registered Data. 


1. DIMENSIONING AND TOLERANCING PER ANS! 
Y14.5M, 1982. 

2. CONTROLLING DIMENSION: INCH. 

3. DIMENSION J MEASURED FROM DIMENSION A 
MAXIMUM. 

4. DIMENSION B SHALL NOT VARY MORE THAN 0.25 
(0.010) IN ZONE R. THIS ZONE CONTROLLED FOR 
AUTOMATIC HANDLING. 

5. DIMENSION F APPLIES BETWEEN DIMENSION P 

AND L. DIMENSION D APPLIES BETWEEN 

DIMENSION L AND K MINIMUM. LEAD DIAMETER 

IS UNCONTROLLED IN DIMENSION P AND 

BEYOND DIMENSION K MINIMUM. 


MILLIMETERS | INCHES | 


Pout, RF POWER OUTPUT (WATTS) 


300 400 


, FREQUENCY (MHz) 


CASE 79-04 
TO-205AD 
(TO-39) 
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*ELECTRICAL CHARACTERISTICS (ta 25°C sialtes otherwise | 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage (1) VCEO(sus) 
ig= 200 mAdc, Ig = 0) 
reese ee 
ee 0.1 mAdc, tc = 0) 
‘Collector Cutoff Current ICEO mAdc 
(VogE = 30 Vac, Ip = 0) 
Collector Cutoff Current . ICEX mAdc 
(VcE = 30 Vdc, VBE (off) = 1.5 Vde, Tc = 200°C) © oO 
(VcE = 65 Vde, VBE(off) = 1.5 Vde) Oo 


(Vege = 4.0 Vde, Ic = 0) 
ON CHARACTERISTICS 


Collector-Emitter Sinica Tee 
(l¢ = 250 mAdc, Ig = 50 mAdc) 


DYNAMIC CHARACTERISTICS 


Current-Gain—Bandwidth Product 
(lc = 100 mAdc, VcE = 28 Vdc, f = 100 MHz) 
Output Capacitance 
(Vcg = 30 Vdc, Ie = 0, f = 100 kHz) 


FUNCTIONAL TESTS _ 


Power [Input Watt 
- (Vee = 28 Vdc, Pout = 2.5 Watts, f = 175 MHz) 
Common-Emitter Amplifier Power Gain 
(VcE = 28 Vdc, Pout = 2.5 Watts, f = 175 MHz) ee . 
Collector Efficiency nN 50 % 
(VcE = 28 Vdc, Pout = 2.5 Watts, f = 175 MHz) 3 ‘= 


* Indicates JEDEC Registered Data 
(1) Pulsed thru a 25 mH inductor. 


FIGURE 2 — 175 MHz TEST CIRCUIT SCHEMATIC 


1000 pF 
+ 


. . 7 0.005 uF 28 Vdc 
L1—2 Turns #16 AWG Wire 3/16” |.D., 1/4 Long 7 


L2 —2 Turns #16 AWG Wire 3/16” [.D., 1/4” Long 
L3—3 Turns #16 AWG Wire 3/8" 1.C., 3/8’’ Long 


RF Output 
3.0-35 pF | 
RF Input , DUT 
3.0-35 pF ) 3.0-35 pF 
3.0-35 pF 
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MOTOROLA | | 
= SEMICONDUCTOR | . 
TECHNICAL DATA a hoe | ae 2N3866 


2N3866A 


The RF Line | 
= 1.0 W — 400 MHz 


HIGH FREQUENCY | 
TRANSISTOR 


NPN SILICON 


NPN SILICON HIGH FREQUENCY TRANSISTOR 


... designed for amplifier and oscillator applications in military and 
industrial equipment. Suitable for use as output, driver or pre-driver 
stages in VHF and UHF equipment. 


@ Specified 400 MHz, 28 Vdc Characteristics — 
-  Qutput Power = 1.0 Watt - 
Minimum Gain = 10 dB 
Efficiency = 45% 


@ (Large Signal Series Equivalent I!mpedances 


@ S-Parameter Characterization 
K 


STYLE 1: . t 


PINT.EMITTER weft pt 
2, BASE 
3 cotlectorn (4/0036 10.014) @ [tT] a @|H 


1. DIMENSIONING AND TOLERANCING PER ANS 
Y14.5M, 1982. 

. CONTROLLING DIMENSION: INCH. 

. DIMENSION J MEASURED FROM DIMENSION A 
MAXIMUM. 

. DIMENSION B SHALL NOT VARY MORE THAN 0.25 
(0.010) IN ZONE R. THIS ZONE CONTROLLED FOR 
AUTOMATIC HANDLING. . 

. DIMENSION F APPLIES BETWEEN DIMENSION P 
AND.L. DIMENSION D APPLIES BETWEEN 
DIMENSION L AND K MINIMUM, LEAD DIAMETER 
1S UNCONTROLLED IN DIMENSION P AND 
BEYOND DIMENSION K MINIMUM. 


MILLIMETERS. INCHES _| 


*MAXIMUM RATINGS 


Vdc 
Vde 


Total Device Dissipation @ Tc = 25°C 
‘Derate Above 25°C , 


*Indicates JEDEC Registered Data 


CASE 79-04 


TO-205AD 
(TO-39) 
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*ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted). 


io id Le Characteristic 
_ OFF CHARACTERISTICS . 


Coliector-Emitter Sustaining Voltage ne | ~ Vde 
(i¢ = 5.0 mAdc, Ig = 0) | se | | 
Collector-Base Sustaining Voltage _ . VCERi(sus) 
(ic = 5.0 mAdc, Rpg = 10 0) . ; 
Emitter-Base Breakdown Voltage . : ~ViBRIEBO 
. (lg = 100 wAde, Ic = 0) . 
Collector Cutoff Current ~ - | CEO ‘mAdc 
_ (VCE = 28 Vdc, ig = 0) - | 


Emitter Cutoff Current 
(VgE = 3.5 Vde, Ic = 0) 


Collector Cutoff Current 
(VcE =. 30 Vde, Veg = — 1.5 Vde (Rev. ), Te = 200°C) 
(Vce = 55 Vde, Vege = ~—1.5 Vde (Rev.) ; 

ON CHARACTERISTICS 

DC Current Gain 
(ic = 360 mAdc, Vcge = 5.0 Vdc) Both © 
(l¢ = 50 mAdc, Veg = 5.0 Vdc) 2N3866 

. .. 2N3866A 


Collector-Emitter Saturation Voltage 
(Ic = 100 mAdc, Ig = 20 mAdc) 


DYNAMIC CHARACTERISTICS - 


Current-Gain — Bandwidth Product 
(Ic = 50 mAdc, VCE = 15 Vdc, = 200 MHz). 2N3866 
2N3866A 


Output Capacitance 
(Vcp = 28 Vdc, Ie = 0, f = 1 .0 MHz) 


FUNCTIONAL TESTS 


Common-Emitter Amplifier Power Gain 
(Vcc = 28 Vdc, Poyt = 1.0 W, f = 400 MHz) 


Collector Efficiency 
(Vcc = 28 Vde, Pout = 1-0 W, f = 400 MHz) 


 *Indicates JEDEC Registered Data. 
FIGURE 1 — 400 MHz TEST CIRCUIT SCHEMATIC 


RF 
RF Outputs 


Inputs 


C1: 3.0-35 pF 
C2,C5: 8.0-60 pF 
C3: 12 pF 
C4: 1000 pF 


C6: 0.9-7.0 pF . i | | 
8 Vd 
L1: Two turns #18 Wire, a. . ‘ 
1/4" 1D,.1/8" tong | 


L2: FERRITE RF Choke, . = 
One Turn, z = 450 Ohms a 
L3,L4: RF Choke, 0.1 wH 
L5: 2-3/4 Turns, #18 Wire, 
1/4” 10, 3/16” long 
Ri: 5.6 Ohms 
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FIGURE 2 — POWER OUTPUT versus 


FIGURE 3 — CURRENT-GAIN — BANDWIDTH PRODUCT 


FREQUENCY (Class C) 


a — | 


(SLLVM) HSMOd LNdLNO 1% 


= 15 Vde 


VCE 


f, FREQUENCY (MHz) 


ic, COLLECTOR CURRENT (mA) 


FIGURE 5 — OUTPUT CAPACITANCE 


FIGURE 4 — COLLECTOR-BASE TIME CONSTANT 
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Vg, COLLECTOR-BASE VOLTAGE (VOLTS) 


Ic, COLLECTOR CURRENT (mA) 


FIGURE 6 — OUTPUT POWER versus INPUT POWER 


FIGURE 7 — SMALL-SIGNAL CURRENT GAIN 


(CLASS C) 


Emitter Grounded Directly to Chassis 


So 


CEES. 


(SLLVM) H3MOd LNdLNO nog 


f, FREQUENCY ae, 


Pin, INPUT POWER (mW) 


MOTOROLA RF DEVICE DATA 


2-12 


2N3866, 2N3866A 3 7 | 


FIGURE 8 — LARGE-SIGNAL SERIES EQUIVALENT ig 2 a 
IMPEDANCES oe FIGURE 9 — Sy AND Soo versus FREQUENCY © 
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MOTOROLA 
S ivi C © NDU CTO 2 eee ee | 
TECHNICAL DATA | |  2N3924 


The RF Line 


NPN SILICON RF POWER TRANSISTOR 


NPN SILICON 
RF POWER TRANSISTOR 


... optimized Annular transistor for large-signal power- 
amplifier and driver applications to 300 MHz. 


@ Designed for 13.6 Volt Operation 
® High Output Power — 4.0 W Min @ f = 175 MHz 


® Multiple-Emitter Construction for Excellent High-Frequency 
Performance . 


® Guaranteed Safe Operating Area 
VCEO(sus) Measured at lc = 200 mAdc 


STYLE 1: 


PIN 1. EMITTER ole D3 PL 
: Groh (4/4036 1001 © [tT] A @LH @) 


NOTES: - a 

_ DIMENSIONING AND TOLERANCING PER ANSI 
Y14.5M, 1982. 

_ CONTROLLING DIMENSION: INCH. 

. DIMENSION J MEASURED FROM DIMENSION A 
MAXIMUM. 

. DIMENSION B SHALL NOT VARY MORE THAN 0.25 
(0.010) IN ZONE R. THIS ZONE CONTROLLED FOR 
AUTOMATIC HANDLING. 

_ DIMENSION F APPLIES BETWEEN DIMENSION P 
AND L. DIMENSION D APPLIES BETWEEN 
DIMENSION L AND K MINIMUM. LEAD DIAMETER 
IS UNCONTROLLED IN DIMENSION P AND 

BEYOND DIMENSION K MINIMUM. 
*MAXIMUM RATINGS (Ta = 25°C unless otherwise noted) MILLIMETERS | INCHES 


MIN | MAX | MIN 
Rating Symbol {339-[ 03s 
VcEO 


775 | 850 | 0.305 
6.10 | 6.60 
041 | 053 
0.23 | 1.04 | 0.009 
041 | 0.48 | 0.016 
5.08 BSC 
0.72 | 0.86 | 
0.74 | 1.14 
1270 | 19.05 |_ 
6.35 | — 
45° BSC 


lelolelals 


Collector Current 


Power Dissipation @ Tc = 25°C 
Derate above 25°C 


Operating and Storage Junction Tj, Tstg |—-65to +200) °C 
Temperature Range 


wm \-3o |S jr ix ie (TiO 


CASE 79-04 
TO-205AD 
(TO-39) 


*Indicates JEDEC Registered Data. 
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2N3924 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) 


[Characteristic «Symbol | Min | Typ | Mex | Unit | 


OFF CHARACTERISTICS 
Collector-Emitter Sustaining Voltage (Figure 2) VCEO(sus) Vdc 
(I¢ = 200 mAdc) 3. 
Recs al 
Pz i ad 


Collector-Base Breakdown Voltage 
(l¢ = 0.25 mAdc, IgE = 0) 


Emitter-Base Breakdown Voltage 

(ie = 1.0 mAdec, Ic =.0) © 

Collector Cutoff Current 
(VcB = 15 Vde, Ie = 0) 

(Veg = 15 Vde, le = 0, Ta = 150°C) 


DYNAMIC CHARACTERISTICS 


_Current-Gain — Bandwidth Product 
(I¢ = 100 mAdc, VcE = 13.6 Vde, f = 100 MHz 


| Output Capacitance. 
(VcB = 13.6 Vdc, IE = 0, f = 100 kHz 


FUNCTIONAL TESTS 


Test Circuit Figure 1 


| Common-Emitter Amplifier = VcE = 13.6 Vdc, Rs = 50 ohms, 
Power Gain 


Coilector Efficiency 


RL = 50 ohms, f = 175 MHz 
Pout = 4.0 Watts : 


FIGURE 1 — 175 MHz TEST CIRCUIT mine FIGURE 2 — PULSE TEST CIRCUIT 
. To 
Pulsed @ = Scope 
60 Hz | Vert. 
50% Duty pet , C 
Cycle | To 
0 Tektronix 
503 or 
Equivalent 


10X Probe 
Tektronix 


13.6 Vdc Power 
Cy, Co, C4... 5-50 pF (Air variable) Supply To Scope 
CF sictiaticceie 7-100 pF (Air variable) : —9O Horizontal 
Cathleen 470 pF (Disc ceramic) : Sensing . 
CE satsssicntveteessases 0.01 uF (Disc ceramic) = hy oe 
C7 -ssserrseeveeeeses0.001 FF (Disc ceramic) 


Ly4— 1% turns #14 AWG tinned. 
wire; ¥%” ID Air wound; 
winding length %e”; base — 
tapped 1 turn from ground 

Lo — RFC 

L3— 2 turns #14 AWG tinned wire; 
Y" ID Air wound; winding 
length 6’ 


MOTOROLA RF DEVICE DATA 
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2N3924 


= 25°C 


= 13.6 Vde, Tc 


CLASS C DESIGN DATA FOR VcE 


(Emitter Grounded Directly to the Chassis — No Tuned-Emitter Techniques Used) 


FIGURE 5 — ‘PARALLEL EQUIVALENT INPUT RESISTANCE 


FIGURE 3 — POWER OUTPUT versus FREQUENCY 


, FREQUENCY (MHz) 
FIGURE 6 — PARALLEL EQUIVALENT INPUT CAPACITANCE 


PAAR 
) eae eee: 
a 


(SLIVM) inaino waMod | M04 


"| FREQUENCY (MHz) 


FIGURE 4 — POWER OUTPUT versus POWER INPUT 


PTT TTT TAT 


100. 
f, FREQUENCY (MHz} 


ACEH, 
ee aie 


f, FREQUENCY (MHz) 
FIGURE 7 — PARALLEL EQUIVALENT OUTPUT CAPACITANCE’ 


Pi, POWER INPUT (WATTS) 


oo -  < N 
(SLIWA) LNdLNO Y3MOd 2°94 
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_ MOTOROLA 
aah pyr led lene Geary “eek fo 
cree eign Gee ES Oe SS peaggag 


The RF Line a 
=e 1.0 W — 400 MHz 
HIGH FREQUENCY 

- TRANSISTOR - 


NPN SILICON HIGH-FREQUENCY TRANSISTOR oe CO ee ae 


. . . designed for amplifier applications in industrial and com- 
mercial equipment.. Suitable for use as output, driver or pre-driver 
stages in UHF equipment. rah 


@ Specified 400 MHz, 13.6 Vdc Characteristics — _ 
Output Power=1.0Watt => : 
Minimum Gain = 6.0 dB 
Efficiency = 45% 


PIN 1, EMITTER 
2. BASE 
scouector [+] 60360014 © [Tt] @Lk @| 


NOTES: : 

1. DIMENSIONING AND TOLERANCING PER ANSI 
Y14.5M, 1982. 

2. CONTROLLING DIMENSION: INCH. 

3. DIMENSION J MEASURED FROM DIMENSION A 
MAXIMUM. 

4. DIMENSION B SHALL NOT VARY MORE THAN 0.25 
(0.010) IN ZONE R. THIS ZONE CONTROLLED FOR 
AUTOMATIC HANDLING. 

5. DIMENSION F APPLIES BETWEEN DIMENSION P 
AND L. DIMENSION D APPLIES BETWEEN 
DIMENSION L AND K MINIMUM. LEAD DIAMETER 
(S UNCONTROLLED IN DIMENSION P AND 
BEYOND DIMENSION K MINIMUM. 


MILLIMETERS INCHES 
MAX 


*MAXIMUM RATINGS 


Total Device Dissipation @ Tp = 25°C 
Derate above 25°C 6.71 


Operating and Storage Junction TJ, Tstg | -65 to +200 


*Indicates JEDEC Registered Data ~ 


CASE 79-04 
TO-205AD 
(TO-39) 


MOTOROLA RE DEVICE DATA 
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2N3948 


*ELECTRICAL CHARACTERISTICS (tT, = 25°C unless otherwise noted) 


Symbol | Min | Max] Unit, 


OFF CHARACTERISTICS 
a ee 
(I¢ = 5.0 mAdc, Ip = 0): | 
et 
(I¢ = 0.1 mAdc, IE = 0) 
(1g = 0.1 mAdc, Ic = 0) = | | 


Collector Cutoff Current _ 
(Vcp = 15 Vdc, Ie = 0) . 
(Vcp = 15 Vdc, Ie = 0, Ta = 150°C) 

ON CHARACTERISTICS 


DC Current Gain . hee 
(I¢ = 50 mAdc, Vce = 5.0 Vdc) 


DYNAMIC CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(1—¢ = 50 mAdc, VcgE = 15 Vdc, f = 200 MHz) 


Output Capacitance * 
(Vcp = 15 Vdc, IE = 0, f = 1.0 MHz) 


FUNCTIONAL TEST 


Power Gain 


Output Power 


Collector Efficiency 


L1— 2 Turns #18 Tinned Wire, 3/16 |.D. 
1/4" Long, Air Wound. 

L2 — 2 Turns #18 Tinned Wire, 1/2 |.D., 
3/16” Long, Air Wound. 


*Air Variable Capacitors 


RF Output 


RF Input 


FIGURE 2 — OUTPUT POWER versus FREQUENCY - FIGURE 3 — PARALLEL EQUIVALENT OUTPUT CAPACITANCE 


B90. 


Pout = 1.5 Watt 
1.0 Watt 


Pout. OUTPUT POWER (WATTS) 
Cob, PARALLEL EQUIVALENT 
OUTPUT CAPACITANCE (pF) | 
a 
i—] 


f, FREQUENCY (MHz) f, FREQUENCY (MHz) 


MOTOROLA RF DEVICE DATA 
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MOTOROLA 


= SEMICONDUCTOR 


TECHNICAL DATA 


ne RF Line 


NPN SILICON HIGH-FREQUENCY TRANSISTORS 
. .. designed for high-speed current-mode logic switching applications. 


High Current-Gain—Bandwidth Product — 
ft = 1800 MHz (Typ) @ Ic = 10 mAdc 


_Low Input and Output Capacitance — 


Cib and Cob = 2.5 pF (Max) 
Excellent Current-Mode Performance — : 
tr = 1.7 ns (Typ) @.1¢ = 30 mAdc 
Low Collector-Base Time Constant — 
fb Cc = 25 ps (Max) @ Ic = 10 mMAdc — 2N3959 © 


Current-Mode logic operation, because of the absence of storage time, 
offers improved high-speed performance for digital applications. {n addition, 
the low impedance drive circuit offers improved delay, rise, and fall times. 

, The basic characteristics of importance in current-mode logic applications 
are Current-Gain—Bandwidth Product (fy), Input and Output Capacitance 
(Cjp and Cop), and Base Spreading Resistance (r'p). 

The 2N3959 and 2N3960 offer a combination of extremely high f7 values, 
low capacitances, and low base spreading resistance which results in excep- 
tionally high speed in current-mode logic circuits. a _ 


*MAXIMUM RATINGS 


synint [Vane [Usk 


nit 
Vdc 


Emitter-Base Voltage 


Total Power Dissipation @ Ty = 25°C 
Derate above 25°C 


Total Power Dissipation @ Tc = 25°C mw 
Derate above 25°C mw /°C 

Operating and Storage Junction Ty,Tstg | -65 to +200 i On 
Temperature Range 


*Indicates JEDEC Registered Data. 


_2N3959 


2N3960 


1.8 GHz — 10 mAde 


HIGH FREQUENCY | 
TRANSISTORS 


NPN SILICON | 


STYLE 1: 
PIN 1, EMITTER 
2. BASE 
3. COLLECTOR 


‘CASE 22-03 
TO-206AA 
(TO-18) 


MOTOROLA RF DEVICE DATA 
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2N3959, 2N3960 


ELECTRICAL CHARACTERISTICS (T, = 25°C unless otherwise noted.) 


*“OFF CHARACTERISTICS 
Collector-Emitter Breakdown Voltage V(BR)CEO 
(I¢ = 10 mAdc, Ig = 0) . 
Collector-Base Breakdown Voltage ; V(BR)CBO | 
(Ile =10uAdc,l—=0) 
Emitter-Base Breakdown Voltage V(BR)EBO | 
(Ie = 10 uAdc, Ic = 0) . 
Collector Reverse Current IcEX 
(Voge = 10 Vdc, Veg = 2.0 Vdc) 
(VcE = 10 Vdc, Veg = 2.0 Vde, Ta = 150°C) 
Base Cutoff Current Ip. 
(VcE = 10 Vde, Veg = 2.0 Vdc) 


Collector Forward Current | 
(VcgE = 5.0 Vdc, Vege = 0.4 Vdc) : | | 


*ON CHARACTERISTICS 


DC Current Gain hfe 
(I¢ = 1.0 mAdc, VcgE = 1.0 Vde) 
(I¢ = 10 mAdc, VcE = 1.0 Vdc) 
(Ic = 30 mAdc, VcE = 1.0 Vde) 

Collector-Emitter Saturation Voltage VCE (sat) 
(I¢ = 1.0 mAdc, Ig = 0.1 mAdc) 
(I¢ = 30 mAdc, Ig = 3.0 mAdc) 

Base-Emitter ‘‘on'' Voltage . VBE(on) 
(I¢ = 1.0 mAdc, VcgE = 1.0 Vde) 
(Ic = 30 mAdc, VcgE = 1.0 Vdc) . 


*DYNAMIC CHARACTERISTICS 
Current-Gain—Bandwidth Product . 
(I¢ = 5.0 mAdc, Vcg = 4.0 Vdc, f= 100 MHz)  2N3959 
2N3960 
(Ie = 10 mAdc, Vcg = 10 Vde, f= 100MHz) = 2N3959 
2N3960 
(1¢ = 30 mAdc, Vcg = 4.0 Vdc, f = 100 MHz) 2N3959 
. | 2N3960 
Output Capacitance 
(Vcpg = 4.0 Vde, Ie = 0, f = 1.0 MHz) 
input Capacitance 
(VER = 0.5 Vdc, Ic = 0, f = 100 MHz) 
Collector-Base Time Constant 
(ic = 5.0 mAdc, VcE = 4.0 Vde) 2N3959 
aa 2N3960 
(ig = 10 mAdc, Vcg = 10 Vdc) 2N3959 
| 2N3960 
(1¢ = 30 mAdc, VcgE = 4.0 Vdc) . 2N3959 
. - 2N3960 
SWITCHING CHARACTERISTICS (Figure 7) | 
Turn-On Delay Time 
(1¢ = 10 mAdc, Voyt = 1.0 Vdc) 
(tc = 30 mAdc, Voyt = 1.0 Vdc) 
Rise Time ae ; 
(Ig = 10 mAdc, Vout =-1.0 Vde) Both Devices: 
(ig = 30 mAdc, Voyt = 1.0 Vde) ~-:2N3959 
7 ~ - 2N3960 


Turn-Off Delay Time tdloff) 
(lg = 10 mAdc, Voyt = 1.0 Vdc) 
(Ig = 30 mAdc, Voyt = 1.0 Vde) | | 
Fall Time “f 
(Ice = 10 mAdc, Vout = 1.0 Vde) Both Devices 
(I¢ = 30 mAdc, Voyt = 1.0 Vde) 2N3959 ) 
2N3960 


*Indicates JEDEC Registered Data. 
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2N3959, 2N3960 


- BANDWIDTH 


TYPICAL CURRENT-GAIN 


TYPICAL DCCURRENTGAIN 


oe PRODUCT: oo es 


FIGURE 2 


FIGURE 1 — 


i=) o i= Q c— rr) 


150 
100 
7 
5 
4 
3 
2 
1 


NLER ELT REEL 


Wg COLLECTOR CURRENT (ma) 


Ic, COLLECTOR CURRENT(mA) 


FIGURE 3 — TYPICAL COLL TOR ERE UNS TANT  BIGURE 4. 


($d) INVISNO9 JWIL 3SV9-H01997709 29.93 


Vp, REVERSE VacaGE wOLTE: 


Ic, COLLECTOR siGheni a 


MOTOROLA RF DEVICE DATA 
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2N3959, 2N3960 


TURN-ON AND TURN-OFF TIMES 


«FIGURE 5 — Vout = 1.0 Vde FIGURE 6 — Vout = 2.0 Vde 
| 3 60 
ef Ne Lr GSS RR HR Ee Es 
7 ala fey meee i 
lie scsctl 
el i 
: 2 LN 
= = 
il 50 } 5.0 a 
ee. 
3.0 3.0 eae 
ad 
: 2 ae a Eel 
1.0 30 1.0 20 30 40 50 70 10 20 30 
Ic, COLLECTOR CURRENT (mA) _ Ic, COLLECTOR CURRENT (mA) 


FIGURE 7 — SWITCHING TIMES TEST CIRCUIT 


Re 


Input Pulse 


O Vec (+5.3 V) 


tr, te << 1.0 ns ToSeone 
Pulse Width © 10 us Channel 1 Ground 


Planes 


Vege (-25.3 V)O 


This test set up is designed to simulate 
a cascade of identical stages. ..The source 
resistance (Rg) equals the load resistance 
(R,_). Values used in the test are shown 
in the table. , 


Vin = Vout = 2 volts, Veg =+1.0V 
[ic ima | Re tk] Ry (2) | RK (2) 


For Vin = Vout = 1. VeB= +0.5 V, 
RL & Re values appropriately reduced. 
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MOTOROLA 
=a SEMICONDUCTOR aR 
TECHNICAL DATA 


2N4427 


1W — 175 MHz 


| cer: 7 ||. HIGH FREQUENCY 
NPN SILICON HIGH FREQUENCY TRANSISTOR | TRANSISTOR 


. designed for amplifier, frequency multiplier, or oscillator if | NPN SILICON 
applications in military and industrial equipment. Suitable for use | _ 
@s output driver or pre-driver stages in VHF and UHF equipment. 


@ Specified 175 MHz, 12 Vdc Characteristics — 
Output Power = 1.0 Watt 
Minimum Gain = 10 dB 
Efficiency = 50% 


‘ MAXIMUM RATINGS 


STYLE 1: 


1. DIMENSIONING AND TOLERANCING PER ANSI 
Y14.5M, 1982. 

2. CONTROLLING DIMENSION: INCH. 

: 3. DIMENSION J MEASURED FROM DIMENSION A 

*Storage Temperature Range Tstg | ~65 to + 200 °C MAXIMUM. 
_ 4. DIMENSION B SHALL NOT VARY MORE THAN 0.25 

_ “Indicates JEDEC Registered Data . Ronee ees LONECONTROIEED FOR 

. 5. DIMENSION F APPLIES BETWEEN DIMENSION P 
AND L. DIMENSION D APPLIES BETWEEN ; 
DIMENSION L AND K MINIMUM. LEAD DIAMETER 
IS UNCONTROLLED IN DIMENSION P AND 


; 2. BASE 
*Collector-Base Voltage — | Vea | 40 | Vde scouector [+] 40260014 © [t/a @[ 4 © 
Tria View en |e rae 
“Collector Current — Continuous | tc | 400 | mAdc 
|e corene— contuaue [te 400 [na 
| Total Device Dissipation @ Tq = 25°C 1.0 Watt 
Derate above 25°C . | 5.71 — mw/°c 
*Total Device Dissipation @ Tc = 25°C Watts 
Derate above 25°C mw/Pc | 


Pout, POWER OUTPUT (WATTS) 


CASE 79-04 
TO-205AD 
(TO-38) 


f, FREQUENCY (MHz) 


MOTOROLA RF DEVICE DATA 
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2N4427 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted). 


OFF CHARACTERISTICS 
VCEO(sus) 


*Collector-Emitter Sustaining Voltage 
(Ic = 5.0 mAdc, Ig = 0) 


*Collector-Emitter Sustaining Voltage 
(I¢ = 5.0mAdc, Rae = 100hms) - 


VCER (sus) 


*Collector.Cutoff Current 
(VcgE = 12 Vdc, Ip = 0) 


“Collector Cutoff Current 
(VcE = 40 Vdc, VBE = -1.5 Vdc) 
(VcE = 12 Vde, Vag = -1.5 Vde, Tc = +150°C) 


ICEV 
"Emitter Cutoff Current | 
(Veg = 2.0 Vdc, Ic = 0) . 
ON CHARACTERISTICS — oo 
hFE 


“DC Current Gain 
(I¢ = 100 mAdc, Vcg = 5.0 Vde) 
(tc = 360 mAdc, VcE = 5.0 Vdc) 

*Collector-Emitter Saturation Voltage | VCE (sat) 
(I¢ = 100 mAdc, Ig = 20 mAdc) 


DYNAMIC CHARACTERISTICS 


*Current-Gain — Bandwidth Product 
(1c = 50 mAdc, Vcg = 15 Vdc, f = 200 MHz) 


*Output Capacitance 
(Vop = 12 Vde, Ie = 0, f = 1.0 MHz) 


FUNCTIONAL TEST 


*Power Input (Figure 2) | wt 
(Pout = 1.0 W, Vcc= 12 Vde, f = 175 MHz) 


Common-Emitter Amplifier Power Gain 
(Pin = 100 mW, Vcc = 12 Vdc, f = 175 MHz) 


*Collector Efficiency (Figure 2) . 
(Pout = 1-0 W, Vcc = 12 Vde, f = 175 MHz) 


“indicates JEDEC Registered Data 


FIGURE 2 — 175 MHz RF AMPLIFIER CIRCUIT FOR POWER-OUTPUT TEST 


C1, C2, L3: 2 turns No. 
C3, and C4: 3-30 pF 16 wire, 


C5: 1,000 pF 1/4" 10, | 
C6: 0.01 uF | " ys long 
L1: 2 turns No. L4: 4 turns No. 

16 wire, 


16 wire 
ia 3/8" ID, 
3/16” ID, 3/8" long 


1/4” long 
L2: Ferrite choke, Q: 2N4427 
2 = 450 ohms 
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MOTOROLA 
TECHNICAL DATA 


_ 2N4428 


The RF Line | | 7 
RF POWER | 
TRANSISTOR 


NPN SILICON RF POWER TRANSISTOR 
i » ek he | NPN SILICON 

_. .°. designed primarily for use in large signal VHF and UHF. | 
amplifier output stages in military and industrial communications 
applications. 


® Specified 28 Volt, 500 MHz Characteristics — 
| Output Power = 750 mW © oe 
Typical Gain = 10 dB 
Efficiency = 35% 


*MAXIMUM RATINGS ; 


comcoremive value | Veeo 
Eee 
eo 


STYLE 1: 
PIN 1. EMITTER 


2. BASE 
3. COLLECTOR +] & 0.36 (0.014) @ TIA@M) H® 


Coilector Current — Continuous 
Base Current — Continuous 


| Total Device Dissipation @ Tc = 25°C 
| Derate above 25°C 


1. DIMENSIONING AND TOLERANCING PER ANSI 

: V14.5M, 1982. 

gat Sa . | _ CONTROLLING DIMENSION: INCH. 

Indicates JEDEC Registered Data. at _ DIMENSION J MEASURED FROM DIMENSION A 
, MAXIMUM. | : : 

_ DIMENSION B SHALL NOT VARY MORE THAN 0.25 
(0.010) IN ZONE R. THIS ZONE CONTROLLED FOR 
AUTOMATIC HANDLING. . : 

_ DIMENSION F APPLIES BETWEEN DIMENSION P 
AND L. DIMENSION D APPLIES BETWEEN ts 
DIMENSION L AND K MINIMUM, LEAD DIAMETER 
IS UNCONTROLLED IN DIMENSION P AND 
BEYOND DIMENSION K MINIMUM. 

MILLIMETERS INCHES _ 

MAX 


FIGURE 1 e 500 MHz TEST CIRCUIT 
; OUTPUT 


1.5-20 pF eo DEMS _ 


~AINPUT 
50 OHMS © 


~ joo |S 
nS 


0.9-7.0 pF 


S/O loO lm In 
Bile fo 
— 1 [— |S [cn 
o|-|o iz) 
om Ww 
BIR 1S oe 


5.08 BSC. 


Oo 
~d 
Rh 


ar 

NO Is 
are a 
ols 
—|o 
— |G 
BID 


Vee 
L1—1 TURN NO. 20 T.C. WIRE 1/4” 
DIA TAPPED AT CENTER 


VCE = 28 Voits 


0.100 
CASE 79-04 
TO-205AD 
(TO-39) 


Adjust R1 for Ic = 70 mA with 
no RF Signal Applied 


MOTOROLA RF DEVICE DATA 
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2N4428 


*ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 


a 


OFF CHARACTERISTICS im 
Collector-Emitter Sustaining Voltage’ VCEO(sus) Vdc 

(tc = 20 mAdc, !g = 0) 7 a, . 
Collector-Emitter Sustaining Voltage VCER(sus) Vde 

(Ic = 20 mAdc, Regge = 10 ohms) . ; . 
| Collector Cutoff Current ICEX -  mAde — 

(Voce = 55 Vde, VBE(on) = -1.5 Vde) 

Emitter Cutoff Current 
(Veg = 3.5 Vdc, Ic =0) . 


ON CHARACTERISTICS 


DC Current Gain 
(Ic = 50 mAdc, VcgE = 5.0 Vde) 


(1c = 400 mAdc, VcE = 5.0 Vdc) 


DYNAMIC CHARACTERISTICS 


Gurrent-Gain—Bandwidth Product | 
(ic = 50 mAdc, VcgE = 20 Vde, f = 200 MHz) 


Output Capacitance ; 
(Vcp = 28 Vdc, Ig =-0, f = 1.0 MHz) 


FUNCTIONAL TEST 


Power Input (Figure 1) 
(Pout = 750 mW, VcE = 28 Vdc, Rg = 50 Ohms, 
f = 500 MHz) . 
Collector Efficiency (Figure 1) 
(Pout = 750 mW, VcE = 28 Vdc, Rg = 50 Ohms, 
f = 500 MHz) 


*Indicates JEDEC Registered Data. 


FIGURE 2 — CURRENT-GAIN—BANDWIDTH PRODUCT FIGURE 3 — OUTPUT POWER versus FREQUENCY 


1500 
TEST CIRCUIT FIGURE 1 


ie 


1000 


fy, CURRENT-GAIN—BANOWIOTH PRODUCT (MHz) 
Pout, QUTPUT POWER (WATTS) 


. Ig, COLLECTOR CURRENT (mA). -f, FREQUENCY (MHz) 
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MOTOROLA 


ga SEMICONDUCTOR xa 2N4957 eae 
TECHNICAL DATA 2N4958 _— 
‘2N4959 
aeen enema oa. : 


PNP SILICON HIGH FREQUENCY TRANSISTORS «HIGH FREQUENCY © 


... designed for high-gain, low-noise amplifier, oscillator and mixer TRANSISTORS 
applications. = : | | PNP SILICON | 
®@ Low Noise Figure @ 450 MHz — . | 
NF,= 3.0 dB (Max) — 2N4957 
= 3.3 dB (Max) — 2N4958 
= 3.8 dB (Max) — 2N4959. 


® High Power Gain @ 450 MHz — ~ 
Gpe = 17 dB (Min) — 2N4957 

= 16 dB (Min) — 2N4958 © 
= 15 dB (Min) — 2N4959 


@ High Current-Gain—Bandwidth Product — 
fT = 1.2 GHz (Min) @ Ig = 2.0 mAdc — 2N4957 
= 1.0 GHz (Min) @ I = 2.0 mAdc — 2N4958, 2N4959 


*MAXIMUM RATINGS» 


STYLE 10: 
PIN 1. EMITTER 
2, BASE © - 
3. COLLECTOR |. 
4. CASE 


NOTE: ALL RULES AND NOTES ASSOCIATED WITH TO-72 
OUTLINE SHALL APPLY. 


Operating and Storage Junction ee MILLIMETERS 
"Temps i | an 


Temperature Range 


*Indicates JEDEC Registered Data. 
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2N4957, 2N4958, 2N4959 


*ELECTRICAL CHARACTERISTICS was 25°C unless otherwise noted.) 


a es 
OFF CHARACTERISTICS 
Collector-Emitter Breakdown Voltage - . V(BR)CEO | | Vde 
}  (ig¢=1.0mAde,1g=0) - | | 
| Collector-Base Breakdown Voltage V(BR)CBO Vde 
(Ic = 100 wAdc, I = 0) 
Emitter-Base Breakdown Voltage -V(BR)EBO 
(Ie = 100 pAdc, Ic = 0) 
ea aa ra rart te 


(Vcp = 10 Vdc, Ig = 0) 
(Veg = 10 Vdc, Ie = 0, Ta = 150°C) 


ON CHARACTERISTICS 


DC Current Gain 
(I¢ = 2.0 mAdc, Vcg = 10 Vdc) 
DYNAMIC CHARACTERISTICS 
| Current-Gain— Bandwidth Product (1) 


(1g = 2.0 mAde, Vice = 10 Vde, f = 100 MHz) 2N4957 
2N4958, 2N4959 


Collector-Base Capacitance 
(VcB = 10 Vdc, !¢ = 0, f = 1.0 MHz) 


Smaill-Signal Current Gain 
(Ic = 2.0 mAdc, VcE = 10 Vde, f = 1.0 kHz) 


| Collector-Base Time Constant 
(Ig = 2.0 mAdc, Vcg = 10 Vdc, f = 63.6 MHz) 


Noise Figure 
(Ic = 2.0 mAde, Vc: = 10 Vdc, f = 450 MHz) 
2N4957 
2N4958 
2N4959 
FUNCTIONAL TESTS 
Common-Emitter Amplifier Power Gain 
(VCE = 10 Vdc, lc = 2.0 mAdc, f = 450 MHz) 2N4957 


2N4958 
2N4959 


*Indicates JEDEC Registered Data. | 
(1) fy is defined as the frequency at which [h¢g| extrapolates to unity. 
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2N4957, 2N4958, 2N4959 


NF, NOISE FIGURE (dB) 


Rs, SOURCE RESISTANCE ( 


a 


FIGURE 1 — NOISE FIGURE AND POWER GAIN - 
_ TEST CIRCUIT 


2 


Rg=500hms C1 


C1,C2,C3,C4,C5 1.0-10 pF Variable Air Dielectric 

Piston-Type Capacitor _ 

L1 Silver-Plated Brass Bar Stock 1.0 in. 
Long, 1/4” Diameter . 

L2: Silver-Plated Brass Bar Stock 1 625 in. 
Long, 1/4” Diameter, Tapped wa" 
from Hot End 

L3 0.5” Loop of #16 AWG Wire 0.375 in. 
from and Parallel to L2 
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0.001 0.01 1 100 1000 . 10000 
f, FREQUENCY, (MHz) 


FIGURE 5 — CONTOURS OF NOISE FIGURE versus 
SOURCE RESISTANCE AND COLLECTOR CURRENT 
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’ FIGURE 2— UNILATERALIZED POWER GAIN 
versus FREQUENCY | 
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Gy, UNILATERALIZED POWER GAIN (dB) 
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FIGURE 4 — NOISE FIGURE AND POWER GAIN 
versus COLLECTOR CURRENT 
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2N4957, 2N4958, 2N4959 


COMMON EMITTER CIRCUIT DESIGN DATA 
(VceE = 10 Vdc, Ic = 2.0 mAdc) 


FIGURE 7 — TRANSDUCER GAIN FIGURE 8 — LINVILL STABILITY FACTOR 
versus FREQUENCY ~ versus FREQUENCY 
“Lovee TT THAK LT TTT 
ey) Range of 
Real NE Range of | Uncondi- 
3.0 Potential 


GT, TRANSDUCER GAIN (4B) 
“0” FACTOR 
BRO 
oS 


0 
105 300 500 600 10 20.30. 50 70 100 200 300 500 700 1000 1500 
f, FREQUENCY (MHz) f, FREQUENCY (MHz) 
FIGURE 9 — LOAD ADMITTANCE _ FIGURE 10 — LOAD ADMITTANCE 
versus FREQUENCY (REAL) versus FREQUENCY (IMAGINARY) 
2.0 6.0 
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Gi, REAL PART OF LOAD ADMITTANCE (mmhos) 


0 
45 70 100 200 300 500 600 
f, FREQUENCY (MHz) 


—BL, IMAGINARY PART OF LOAD ADMITTANCE (mmhos) 


f, FREQUENCY (MHz) 


FIGURE 11 — SOURCE ADMITTANCE FIGURE 12 — SOURCE ADMITTANCE 
_ versus FREQUENCY (REAL) versus FREQUENCY (IMAGINARY) 


Gs, REAL PART OF SOURCE ADMITTANCE (mmhos) 


~ f, FREQUENCY (MHz) 


—Bs, IMAGINARY PART OF SOURCE ADMITTANCE (mmhos) 


f, FREQUENCY (MHz) 


NOTE 1 “C'' is less than 1.0, the circuit is unconditionally stable. When ‘C”’ is greater 


Figures 7 through 18 are included to assist the circuit designer in determin- than 1.0, the circuit is potentially unstable. 
ing the stability of his particular circuit. Two stability criteria are given in The Stern ‘’K’’ factort has been defined to determine the stability of a 
these figures. practical amplifier terminated in finite load and source admittances. If ‘’K’’ 
The Linvill “’C”’ factor is a measure of transistor stability when the input is greater than 1.0, the circuit will be stable. If less than 1.0, the circuit will 
and output are terminated in the worst-case (open circuit) condition. When be unstable. For further details, see Application Note AN-215A. 
* "Transistors and Active Circuits,” Linvill and Gibbons, McGraw-Hill, 1961. t Stability and Power Gain of Tuned Transistor Amplifiers,” Arthur P. Stern, Prac. 


1.R-E., March 1967.. 
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2N4957, 2N4958, 2N4959 


COMMON BASE CIRCUIT DESIGN DATA 
(Vcp = 10 Vdc, Ic = 2.0 mAdc) 


FIGURE 13 — TRANSDUCER GAIN 
aig versus FREQUENCY > 


GT, TRANSDUCER GAIN (dB) 
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FIGURE 15 — LOAD ADMITTANCE 
versus FREQUENCY (REAL) 
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GL, REAL PART OF LOAD ADMITTANCE (mmhos) 


500 700 
f, FREQUENCY (MHz) 


“FIGURE 7- SOURCE ADMITTANCE 
“versus FREQUENCY (REAL) 


Gs, REAL PART OF SOURCE ADMITTANCE (mmhos) 
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—BL, IMAGINARY PART OF LOAD ADMITTANCE (mmhos) 


Bs, IMAGINARY PART OF SOURCE ADMITTANCE (mmhos)_ - 


FIGURE 14 — LINVILL STABILITY FACTOR 
versus FREQUENCY , 
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FIGURE.16 — LOAD ADMITTANCE 
versus FREQUENCY (IMAGINARY) 
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FIGURE 18 — SOURCE ADMITTANCE 
versus FREQUENCY (IMAGINARY) 
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2N4957, 2N4958, 2N4959 


FIGURE 19 — SMALL-SIGNAL CURRENT GAIN 
versus FREQUENCY 


hfe, SMALL-SIGNAL CURRENT GAIN 


VcE = 10 Vde 
I¢ = 2.0 mA 


200 300 
f, FREQUENCY (MHz) 


FIGURE 21 — fy versus COLLECTOR CURRENT 
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Vce = 10 Vde 
a ss 


ic, COLLECTOR CURRENT (mAdc) 


ft, CURRENT-GAIN-BANDWIDTH PRODUCT (GHz) 


FIGURE 23 — CAPACITANCE 
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FIGURE 20 — POLAR hg. 


_9.9|- 1300 MHz # 000 pp} al ate 
i a eM 
or ae aR, a FR Ps 
aN fe * FC (a a ae a a 
ic [em el ate |e (a En a dee [ee 
> a ans eee he, ee ee (es 
ie ama a a Fe es ee 
aa a es ee 
. a a eel ee Se ee 
io) ioe ee) ee ee Se es, ee a ee 
oe ae (eae ee ie eee 
i>; ees (ene (ay (ee ee ee 
i: eee ee ee ae es ee ee ee 
2 (ea (ae en rea (ee, ea Ue Fe ET, ( 
| na a (Ss 
500 700 1000 1500 “60-40-20 0 20 40 60 60 10 12 14 16 18 


Re (hfe) | 


FIGURE 22 — DC CURRENT GAIN 
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FIGURE 24 — COLLECTOR CHARACTERISTICS 
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HORIZONTAL SCALE — Veg = 1. 


Apply reverse bias between collector 
- and base and measure capacitance 
between these terminals. Emitter is 
open. 


Apply reverse bias between emitter 
and base and measure capacitance 
between these terminals. Collector is 
open. 
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Apply reverse bias between collector 
and base and measure capacitance 
between these terminals. Emitter is 
guarded. 


2N4957, 2N4958, 2N4959 


Y PARAMETERS versus CURRENT 


COMMON BASE 


(f = 450 MHz) 


Veg =.10 Vde —————-_ Veg = 15 Vde — — — 


FIGURE 25 — INPUT ADMITTANCE 


Vib, INPUT ADMITTANCE (mmhos) - 


RANSFER ADMITTANCE 


(mmhos) 


Yep, FORWARD T 


Yoh, OUTPUT ADMITTANCE (mmhos) 


TRANSFER ADMITTANCE 


(mmhos) 


” Y-p, REVERSE 


Ic, COLLECTOR CURRENT (mAdc) 
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Yje, INPUT ADMITTANCE (mmhos) 


- COMMON EMITTER 
VCE = 10 Vde Vce = 15 Vdc — — — 


FIGURE 26 — INPUT ADMITTANCE 


[op] 
ao 


Y fe, FORWARD TRANSFER ADMITTANCE 
(mmhos) 
S 


Yoe, QUTPUT ADMITTANCE (mmhos) 


(mmhos) 


REVERSE TRANSFER ADMITTANCE 


Yres 


0 2.0 4.0 6.0 8.0 10 
Ip, COLLECTOR CURRENT (mAdc) 


2N4957, 2N4958, 2N4959 


COMMON BASE y PARAMETER VARIATIONS 
| (VcR = 10 Vdc, Ic = 2.0 mAdc) 


y PARAMETERS versus FREQUENCY . POLAR y PARAMETERS versus FREQUENCY 
‘FIGURE 33 — yjp INPUT ADMITTANCE FIGURE 34 — yj, INPUT ADMITTANCE 
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FIGURE 35 — yz, FORWARD TRANSFER ADMITTANCE FIGURE 36 — yfp FORWARD TRANSFER ADMITTANCE 
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2N4957, 2N4958, 2N4959 


COMMON EMITTER y PARAMETER VARIATIONS 
(Vcg = 10 Vdc, Ic = 2.0 mAdc) 


-y PARAMETERS versus FREQUENCY _ POLAR y PARAMETERS versus FREQUENCY 
FIGURE 41 — yjg INPUT ADMITTANCE __ FIGURE 42 — yjg INPUT ADMITTANCE 
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FIGURE 44 — yep FORWARD TRANSFER ADMITTANCE 


FORWARD TRANSFER ADMITTANCE 
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FIGURE 47 — y,g REVERSE TRANSFER ADMITTANCE | 
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MOTOROLA 


m= SEMICONDUCTOR meena 


TECHNICAL DATA 


| | The RF Line 


NPN SILICON HIGH-FREQUENCY TRANSISTORS 


: designed primarily for use in high-gain, low-noise, small- 


signal amplifiers. 


@® High Current-Gain — Bandwidth Product — 
fT = 1000 MHz (Min) @ Ic = 5.0 mAdc 


@ Low Noise Figure @ f = 450 MHz — 


NF = 2.5 dB (Max) — 2N5031 
= 3.0 dB (Max) — 2N5032 


@® High Power Gain —_ 


Gpe = 14 dB (Min) @f = 450 MHz 


*MAXIMUM RATINGS 


Total Device Dissipation @ Tq = 25°C 
Derate above 25°C 


Operating and Storage Junction 
Temperature Range 


* indicates JEDEC Registered Data. 
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2N5031 


2N5032 


2.5 dB @ 450 MHz — 2N5031 
3.0 dB @ 450 MHz — 2N5032 


HIGH FREQUENCY 
TRANSISTORS 


NPN SILICON » 


STYLE 10: 
PIN 1, EMITTER 
2.BASE 
3. COLLECTOR 
4. CASE 
NOTE: ALL RULES AND NOTES ASSOCIATED WITH TO-72 
OUTLINE SHALL APPLY. 


E MILLIMETERS INCHES 

DIM | MIN MAX | MIN | MAX | - 
A 5.31 5.84 | 0.209 | 0.230 
Bo; 4.52 | 495 | 0.178 | 0.19 


432 | 533 | 0.170 | 0.210 
[oat [053 | 0.016 | 0.021 | 
ip 


0.76 


CASE 20-03 
TO-206AF 


(TO-72) 


2N5031, 2N5032 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) 


OFF CHARACTERISTICS © 


*Collector-E mitter Breakdown Voltage 
(Ic = 1.0 mAdc, Ig =.0) 
“Collector-Base Breakdown Voltage 
(ic = 0.01 mAdc, Ie = 0) . 
*Emitter-Base Breakdown Voltage _ : 
(IE. = 0.01 mAdc, Ic =0) 
*Collector Cutoff Current 
(Vcp = 6.0 Vdc, Ie =.0) 


*Current-Gain—Bandwidth Product 
(Ic = 5.0 mAde, Vcg = 6.0 Vdc, f = 100 MHz) 


“Output Capacitance __ 
(VcE = 6.0 Vde, Ie = 0, f = 0.1 MHz) 


Collector-Base Time Constant 
(Ic = 6.0 mAdc, Vcg = 6.0 Vde, f = 31.8 MHz) 


| *Noise Figure (Figure 1) 
(1c = 1.0 mAde, Veg = 6.0 Vde, f = 450 MHz) 


FUNCTIONAL TEST 


*“Common-Emitter Amplifier Power Gain (Figure 1) 


(VCE = 6.0 Vdc, Ic = 1.0 mAdc, f = 450 MHz) 


2N5031 
2N5032 


| Max | Unie 


“Indicates JEDEC Registered Data. 
(1) Tuned for Minimum Noise. 


FIGURE 1 — POWER GAIN AND NOISE FIGURE TEST CIRCUIT 


| 
' 
__ SHIELD (GROUNDED) 


d 


FIGURE 2 — COLLECTOR-BASE CAPACITANCE versus VOLTAGE 


C1, C2, C4, C7 — 0.8 - 10 pF Johanson 
C8 - 0.5 - 3.5 pF Johanson 


C3, C5 — 500 pF Button Type 
AI- 10k Trimpot 
A2-2.7k 1/4 watt 5% 


R3 - 1.0k 1/4 watt 5% 


LI — 1/4” Brass Rod, Solder Piated, 1-1/8” long. 
Placed 5/8” from the socket and in parallel 
with the shield, which bisects the socket. 
The ungrounded side is soldered directly to 
the ungrounded side of C2. 


_L2~ 0.22 nH 


~ Voc 


I 

| 
| 
at 


L3 - 1/4” Brass Rod, Solder Plated, 1-1/2” tong. 
Placed 1/2” from the sdcket and in parallel 


Cob, COLLECTOR-BASE CAPACITANCE (pF) 


with shield, which bisects the socket. — 

. The ungrounded side is soldered directly to 
the ungrounded side of C7. Output tap is 
15/16” from ground. 0 

L4— 1/2 Turn #16, 5/16” above £3 and 5/8” 0 2.0 40 6.0 8.0 10 
long, (over 13). 
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Veg, COLLECTOR - BASE VOLTAGE (VOLTS) 


2N5031, 2N5032 


FIGURE 4 — S44 AND S22 


FIGURE 3 — CURRENT-GAIN—BANDWIDTH PRODUCT 
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POWER GAIN versus FREQUENCY — 


FIGURE 8 


NOISE FIGURE versus FREQUENCY 


2N5031, 2N5032 
FIGURE 7 


iJ 


1000 


~ MOTOROLA RF DEVICE DATA 
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MOTOROLA 


= SEMICONDUCTOR x 
TECHNICAL DATA  9N5108 


The RF Line 
See eee 1.0 W - 1 GHz 


HIGH FREQUENCY | 
TRANSISTOR | 


NPN SILICON 


NPN SILICON HIGH-FREQUENCY TRANSISTOR 


... designed for amplifier, frequency multiplier, or oscillator applica- 
tions in military and industrial equipment. Suitable for use as output, 
driver, or pre-driver stages in UHF equipment and as a fundamental 
frequency oscillator at 1.68 GHz. 


@ Specified 1 GHz, 28 Vdc Characteristics — 
Output Power = 1.0 Watt 
Minimum Gain = 5.0 dB 
Efficiency = 35% 


@ Typical 1.68 GHz, 28 Vdc Characteristics — 
Output Power = 0.3 Watt 
Efficiency = 15% 


STYLE 1: 
PIN 1. EMITTER 


2.BASE 
scotecror (+1406 10.014 @ [tT] a @] 4 @ 


MAXIMUM RATINGS _ | 1. DIMENSIONING AND TOLERANCING PER ANSI 


Y14.5M, 1982. 

2. CONTROLLING DIMENSION: INCH. 

3. DIMENSION J MEASURED FROM DIMENSION A 
MAXIMUM. 

4. DIMENSION B SHALL NOT VARY MORE THAN 0.25 
(0.010) IN ZONE R. THIS ZONE CONTROLLED FOR . 
AUTOMATIC HANDLING. 

5. DIMENSION F APPLIES BETWEEN DIMENSION P 
AND L. DIMENSION D APPLIES BETWEEN 
DIMENSION L AND K MINIMUM. LEAD DIAMETER 
IS UNCONTROLLED IN DIMENSION P AND 
BEYOND DIMENSION K MINIMUM. 


Rating 
| Collector-Emitter Voltage 


l *Collector-Emitter Voltage 
(Rge = 10 Ohms) 


| *Collector-Base Voltage | SB 


*Total Device Dissipation @ Tc = 25°C 
| Derate above 25°C 


*Storage Temperature Range 


-65 to +200 — 


“indicates JEDEC Registered Data. 


TO-205A 
(TO-39) 


MOTOROLA RF DEVICE DATA 
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2N5108 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 


| _ Characteristic 
OFF CHARACTERISTICS | 
*Collector-Emitter Sustaining Voltage 
(ig = 5.0 mAdc, Rge = 10 ohms) 
Collector-Base Breakdown Voltage 
(ic = 0.1 mAde, Ig = 0) 


“Emitter-Base Breakdown Voltage 
(ig = 0.1 mAde, Ic = 0) 
“Collector Cutoff Current 
(Voce = 15 Vde, Ip = 0) 
“Collector Cutoff Current 
(VcgE = 50 Vdc, Vee = 0) 
(VcE = 15 Vde, Veg = 0, Tc = 150°C) 


ON CHARACTERISTICS 
Collector-Emitter Saturation Voltage 
(I¢ = 100 mAdc, Ig = 10 mAdc) 
DYNAMIC CHARACTERISTICS 


*Current-Gain—Bandwidth Product 
(Ic = 50 mAdc, VcE = 15 Vdc, f = 200 MHz) 


“Output Capacitance 
(Vcg = 30 Vdc, Ig = 0, f = 1.0 MHz) 
FUNCTIONAL TEST 


*Common-Emitter Amplifier Power Gain (Figure 1 ) 
(Pout = 1.0 W, Vcc = 28 Vdc, Ic = 102 mAdc, 
f= 1.0 GHz) 


Power Output (Figure 1) 
(Pin = 316 MW, VE = 28 Vdc, f= 1.0 GHz) 
*Collector Efficiency —— : 
(Pig = 316 mW, VE = 28 Vde, f= 1.0 GHz) 


Power Output (Oscillator) (Figure 2) — 
(VcE = 20 Vdc, Veg = 1.5 Vde, f = 1.68 GHz) © 
(Minimum Efficiency = 15%) 


*Indicates JEDEC Registered Data. 
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FIGURE 1 — 1 GHz RF AMPLIFIER OUTPUT 
POWER TEST CIRCUIT 


- Vcc =+28V 
BIAS TRANSISTOR 


di: 1" Input line, center conductor width = 0.280" 
d2: 1° Output line, center conductor width = 0.125” 
Q: 2N5108 
R: 3.9 ohms 
T1, T2: Microlab Double Stub Tuner, or Equivalent 
Bias Tee: Microlab O8N, or Equivalent 
Transistor Mount: 1/32” Microstrip board 


Note: Impedance measurements are made at transistor socket pins. 


FIGURE 2 — 1.68 GHz RF OSCILLATOR OUTPUT 
POWER TEST CIRCUIT 


+Vcc | -VCCc =~2.0V 


L1, L2 — 1/16’ Microstrip Board. Lines are 0.16’ 
wide and 1.31” long. 
L3 — 1/16” Microstrip Board. 0.16" wide and 
0.65" long. 
~ L4 — RF Choke, 3.6 wHy 
C1 — 0.4 pF — 6.0 pF Johanson 4640 
L4 C2 — 1.0 pF — 10 pF Johanson 4355 
C3, C4 — 25 pF Feedthru 
R — 2.0 k ohms Miniature Trim pot 


OUTPUT 


‘MOTOROLA RF DEVICE DATA 
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FIGURE 4 — OUTPUT POWER versus FREQUENCY 


‘FIGURE 3 — OUTPUT POWER versus INPUT POWER 


(S.LLWM) H3MOd LNGLNO 4904 


f, FREQUENCY (GHz) 


Pin, ane INPUT twATTS) 


FIGURE 6 — OSCILLATOR OUTPUT POWER 


versus COLLECTOR CURRENT 


_ FIGURE 5 — OUTPUT POWER 
versus COLLECTOR-EMITTER VOLTAGE | 


Ic, i LLECTOR ioe (mAdc) 


‘Ve, COLLECTOR-EMITTER VOLTAGE (VOLTS) 


FIGURE 7 CURRENT-GAIN-BANDWIDTH 


FIGURE 8 COLLECTOR BASE 
CAPACITANCE versus VOLTAGE | 


PRODUCT versus CURRENT 


(2 


= 1500 


W) donaoud HLOIMONVE- NIVD-LNIYHND ‘Ly 


Vcp, COLLECTOR-BASE VOLTAGE (VOLTS) 


ic, COLLECTOR CURRENT (mAdc) 
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- MOTOROLA 
ee SEMICONDUCTOR a 


TECHNICAL DATA | : 2N5109 


1.2 GHz @ 50 mAdc 
? | HIGH FREQUENCY 
NPN SILICON HIGH-FREQUENCY TRANSISTOR ‘TRANSISTOR 
| NPN SILICON 


. designed specifically for broadband applications requiring good 
linearity. Useable as a high frequency current mode switch to 
200 mA. 


® Low Noise Figure — @ f = 200 MHz 
NF = 3.0 dB (Typ) 

® High Current-Gain — Bandwidth Product — 
ft = 1200 MHz (Min) @ Ic = 50 mAdc 


| er elias RATINGS 


me 


Total Device Dissipation @ T¢ = 75°C TI 
Derate above 25°C 


Storage Temperature Range 


STYLE 1: 


PINT. EMITTER pelle 5 3PL 


2. BASE 
3 couector [+] ¢0.3610.014 ® [tT] A@/H @ 


(1) Total Device Dissipation at Ta = 25°C is 1.0 Watt. 
* Indicates JEDEC Registered Data. 


a | : _ NOTES: 
FIGURE 1 — RF AMPLIFIER FOR VOLTAGE | 1. DIMENSIONING AND TOLERANCING PER ANSI 
GAIN TEST CIRCUIT : heat A cece 
, . CONTROLLING DIMENSION: INCH. 
. DIMENSION J MEASURED FROM DIMENSION A 
MAXIMUM. . 
. DIMENSION B SHALL NOT VARY MORE THAN 0.25 
| : (0.010) IN ZONE R. THIS ZONE CONTROLLED FOR 
Pin a Pout ‘AUTOMATIC HANDLING. 
(2g = 75 2) sein ee (= 759) . DIMENSION F APPLIES BETWEEN DIMENSION P 
=) a fe Aiea AND L. DIMENSION D APPLIES BETWEEN 
bed C . \ hy @. DIMENSION L AND K MINIMUM. LEAD DIAMETER 
: peg ; IS UNCONTROLLED IN DIMENSION P AND 
1) 68 BEYOND DIMENSION K MINIMUM. 


(SEE 
DETAIL) 


4 


DETAIL 
OF TRANSFORMER 


O 
+VCC 


C1,€2,C3,C5 0.002 uF R3 330.2, 1W 
0.03 uF R4 20082, 1/4 W 
1500 pF T1 4 Turns #30 Wire 


18 pF Bifilar wound on “Indiana General” 
47k, 7/4 W Core #CF-102-1, or equivalent CASE 79-04 


6.82, 1/2W , TO-205AD 
(TO-39) 
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ELECTRICAL CHARACTERISTICS (Tc= 25°C unless ptherwise noted) 


Coltector-Emitter Sustaining Voltage (1) VCER(sus) 

(tc = 5.0 mAdc, Ree = 10 22) 

ollector Cutoff Current _ ICEO Adc 
(Vce = 15 Vdc, Ip = 0) 


Collector Cutoff Current 
(VcE = 15 Vdc, Vge.=-1.5 V, Tc = 150°C) 
(VcE = 35 Vde, Vee =-1.5 V) 
lEmitter Cutoff Current 
(Vee = 3.0 Vdc, Ic = 0) 
*ON CHARACTERISTICS 
DC Current Gain 

(Ic = 360 mAdc, Vce = 5.0 Vdc) 
(i¢ = 50 mAdc, VcE = 15 Vdc) 


DYNAMIC CHA RACTERISTI CS 
|" Current-Gain — Bandwidth Product 
(ic = 50 mAdc, VcE = 15 Vdc, f = 200 MHz) 


Collector-Base Capacitance 
(Vop = 18 Vdc, le = 0, f= 1.0 MHz) 


* OFF CHARACTERISTICS ; 
iCollector-Emitter Sustaining Voltage 
(Ic = 5.0 mAdc, Ig = 0) 


Noise Figure 
(tc = 10 mAdc, Vcg = 15 Vdc, f = 200 MHz) 
(Figure 2) 


FUNCTIONAL TEST 


* Common-Emitter Amplifier Voltage Gain (Figure 1) | 
(Ic = 50 mAdc, Vcc = 15 Vdc, f = 50to 
216 MHz) | | 


*Power input (Figure 2) 
(Ig = 50mAdc, Vcc = 15 Vde, Rg = 500hms, 


Pout = 1.26 mW, f = 200 MHz) 


* Indicates JEDEC Registered Data. 
(1) Pulsed thru a 25 mH Inductor; 50% Duty Cycle 


FIGURE 2 — 200 MHz TEST CIRCUIT 


Pout 
(Z~ = 509) 


Pin 
(Rg = 50 2) 


C1, C2, C3. 1.0 — 30 pF Li 4-1/2 turns, No. 22 wire, 3/16” 1.D. 
C4 1.0 — 20 pF L4 3-1/2 turns, No. 22 wire, 3/16” ID. 
C5 10,000 pF L2,L3 0.82 uwH RFC 
C6, C7 1,000 pF R1 240 OHMS, 2 WATTS 
C8 0.01 uF 


eo e 
-VEE Vcc 
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fT, CURRENT GAIN-BANDWIDTH PRODUCT (GHz) 


V, VOLTAGE (VOLTS) 


FIGURE 3 — CURRENT-GAIN — BANDWIDTH PRODUCT 


VceE = 15 Vde 


ic, COLLECTOR CURRENT (mAdc) 


FIGURE 5 - _ SATURATION VOLTAGES 
ite EE 
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ic, COLLECTOR CURRENT (mAdc) 


tb'Cc, COLLECTOR-BASE TIME CONSTANT (ps) 


C, CAPACITANCE (pF) 


FIGURE 4 — COLLECTOR-BASE TIME CONSTANT 


Vce = 15 Vde 


ic, COLLECTOR CURRENT (mAdc) 


FIGURE 6 — CAPACITANCES versus REVERSE VOLTAGE 
104 


Rett Keel 
mee anit 


Ee 
Suis 
; HAI TT Pb 


0.1 0.2 0.3 0.5 0.7 1.0 2.0 3.0 5.0 7.0 10 20 40 


Vr, REVERSE VOLTAGE (VOLTS) 
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FIGURE 8 — INPUT ADMITTANCE 
versus COLLECTOR CURRENT 


f= 200 MHz 


VcE = 15 Vde_ 
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FIGURE 7 — INPUT ADMITTANCE versus FREQUENCY 
PEE 
ee a 
zu 
ae 
a 
ae 
00 


u 


VcE= 15 Vide. 


100 


So 
- . 


Ic, COLLECTOR CURRENT (mAdc) 


_ f, FREQUENCY (MHz) 
FIGURE 9 — REVERSE TRANSFER ADMITTANCE 
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16 Vde 
f = 200 MHz 
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FIGURE 10 — REVERSE TRANSFER ADMITTANCE versus 


VCE 
0 1 


versus FREQUENCY 


ic = 50 mAdc 
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Ic, COLLECTOR CURRENT (mAdc) 


f, FREQUENCY (MHz) 


FIGURE 12 — FORWARD TRANSFER ADMITTANCE versus 


FIGURE 11 — FORWARD TRANSFER REMITTANCE | 


COLLECTOR CURRENT 


versus FREQUENCY 
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FIGURE 13 — OUTPUT ADMITTANCE versus FREQUENCY 


VCE = 15 Vde 
ic = 50 mAdc 


Yoe, OUTPUT ADMITTANCE (mmhos) 


300 
f, FREQUENCY (MHz) 


FIGURE 15 — INPUT REFLECTION COEFFICIENT versus 
FREQUENCY 


20° 10° 0 


EON EE 


340° 330° 


350° 


a4 . 
40°R Ly LTHL ILI. LL re, 320° 
‘ EOS 

{7 


e, > 
LLL ALR ROM 
LEI es er 


a 
LY 


TAY 


LPT PAL ALE o 

LAT ALD 

THT LLL LKOKEEK ISSO 

1 HEY Mie Wie ee SNS 
<? 


‘ MLE 

WW MUTI 

\ i nH H Hie 
Mi 


i 
N2 oN \i 

OSS SS SSS SOS OO ON ws 
Sak QOOQ SLO OO KOO 
SSSSSS SR wi 


Gf G% 
tee? LIIESSS 
2, 
hs 
i ee 


ses 4 \ 
Soe 
100° tee OASIS seas LSS 1260° 
SEO SSID NN 
PMT WARS Sass 
> = 7 
SEEM 9c 0 
aM OATH San WNSSSSSSLSS SS SSS ees 
110555551000 MH 2 eco HHH SR RRR 200 
. eee ue OR LATHE BUSTRASINA NIE 
2 fling, Ufa HY a8 SSeS S 
AQ 
SSE SSS SELES 
WN RO SOO8E2483 
OF WRN SSS S SS SE 0 
120 . SRA 240 


4% 
CO? FRI 
os QM IORILT IR 
KSI OODLE, 
SSK SSSR 


o 


K? 
XS 

<2 
soe: 


pa 


z s, 
ESS SOCK IL ROL BX 
z KOKI SILLA) hd mee 
SSS ae A RTT RRR 
j RRQ 
1309K5S5 \S RRQ 230° 
ore, 


SS 
*\ aN 
— 


BEATE Ba J SSS SY 
rh cs SOLD 
EEN NAS So 700 

SSNS 


a! KS 
190° =. 2090 


ne, LX 
1409 BX 
KOO oe, 
KY PAT AT 
LAdhebhet halts 


150° 


“sable ete tls 


bik in 
160°... 1709 =: 180° 


Yoe, OUTPUT ADMITTANCE (mmhos) 


FIGURE 14 — OUTPUT ADMITTANCE versus COLLECTOR 
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FIGURE 16 — OUTPUT REFLECTION COEFFICIENT versus 
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FIGURE 17 — REVERSE TRANSMISSION | 
COEFFICIENT versus FREQUENCY 
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versus FREQUENCY 
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MOTOROLA 
TECHNICAL DATA a 2N5160 


| The RF Line 


PNP SILICON 
AMPLIFIER 


PNP SILICON RF POWER TRANSISTOR TRANSISTOR 


|... designed for amplifier, frequency multiplier or oscillator applica- 
tions in military and industrial equipment. Suitable for use as Class A, 
B, or C output driver, or pre-driver stages in VHF and UHF. 


e High Power Gain — Gpg = 8.0 dB (Min) @ f = 400 MHz, | 
14.5 dB (Typ) @ 175 MHz — No Emitter Tuning 


| « Power Output — Pacge 1.0 Watt (Min) @ f = 400 MHz 
| = 1.5 Watt (Typ) @ f = 175 MHz 
Resists Burnout When Load is Shorted or Opened 
e Designed for Use in Complementary Circuits with 2N3866 


STYLE 1: 


PN EMITTER om ohare 
COLLECTOR [4/4036 (0.014 @ [Tt] A @|H® 


*MAXIMUM RATINGS 
Rating 


Collector-Emitter Voltage VCEO 
Collector-Base Voltage | VeRO 


VcB 
VEB_ 
Ic 


NOTES: 
1. DIMENSIONING AND TOLERANCING PER ANS! 
'-¥14.5M, 1982. 

2. CONTROLLING DIMENSION: INCH. 

‘3. DIMENSION J MEASURED FROM DIMENSION A 
MAXIMUM. 

4. DIMENSION B SHALL NOT VARY MORE THAN 0.25 
(0.010) IN ZONE R. THIS ZONE CONTROLLED FOR 
“AUTOMATIC HANDLING. 

5. DIMENSION F APPLIES BETWEEN DIMENSION P 
AND L. DIMENSION D APPLIES BETWEEN 
DIMENSION L AND K MINIMUM. LEAD DIAMETER 
1S UNCONTROLLED IN DIMENSION P AND 
BEYOND DIMENSION K MINIMUM. 


Emitter-Base Voltage : 
Collector Current . 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C . 


Operating and Storage Junction | Ty. Tstg ~65 to +200 
| | Temperature Range a. 


*Indicates JEDEC Registered Data. 


CASE 79-04 
TO-205AD 
(TO-39) 
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Recent din laced A (Ta = 25°C unless otherwise nota) 


_ Characteristic 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage “CEOteus) 40 | Vdc 
(Ic = 5.0 mAdc, Ip = 0) 
Emitter-Base Breakdown Voltage V(BR)EBO(sus) 
(le = 0.1 mAdc, Ic = 0) 
Collector Cutoff Current bg . ICEO | Adc | 
(VCE = 28 Vdc, Ip = 0)- o ; ; 
Collector Cutoff Current ae ICES mAdc 
(VceE = 60 Vdc, Vee = 0) . 
Collector Cutoff Current — | | lego pAdc 
(VcB = 28 Vdc, IE = 0) 
ON CHARACTERISTICS | . | 


DC Current Gain 
(I¢ = 50 mAdc, Vcg = 5.0 Vdc) 


DYNAMIC CHARACTERISTICS 


Current-Gain-Bandwidth Product 
(Ic = 50 mAdc, Vcg = 15 Vdc, f = 200 MHz) 


Collector-Base Capacitance . 
(VcB = 28 Vdc, IE = 0, f = 0.1 to 1 OM) 


FUNCTIONAL TESTS hee 
Common- Emitter Amplifier Power Gain 


(VCE = 28 Vdc, Pin = 0.16 Watt, f = 400 MHz) 
(VcE = 28 Vdc, Pin = 50 mW, f= 175 MHz) 
Power Output _ ee 
(VoE = 28 Vdc, Pin = 0.16 Watt, f = 400 Miz) 
(VCE = 28 Vde, Pin = 50 mW, f = 175 MHz) 
Collector Efficiency a is th 
(VCE = 28 Vde, Pin = 0.16 Watt, f = 400 MHz) | 


*Indicates JEDEC Registered Data. 


FIGURE 1 — 400-MHz TEST CIRCUIT 


C1 - 10 pF _ Cg — 0.01 pF 


C2, C3, C4, C5 — 1.0 — 10 pF variable Ly — 30 nH, 1 turn, No. 20 AWG 
Cg — 2400 pF feed through : Ly — 75 nH, 3 turns, No. 20 AWG 
C7 — 0.004 .F _ L3 — 0.33 yH, R.F.C. 
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FIGURE 8 — 2N5160 300-MHz COMPLEMENTARY POWER OUTPUT CIRCUIT 
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FIGURE 9 — COMPLEMENTARY CIRCUIT — POWER OUTPUT versus POWER INPUT 
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2N5179 


The RF Line : | 
4.5 dB @ 200 MHz 
HIGH FREQUENCY 
TRANSISTOR 
NPN SILICON 
NPN SILICON RF HIGH FREQUENCY TRANSISTOR 


... designed primarily for use in high-gain, low-noise amplifier, oscil- 
lator, and mixer applications. Can also be used in UHF converter 
applications. : 


High Current-Gain — Bandwidth Product — 
ft = 1.4 GHz (Typ) @ Ic = 10 mAdc 


Low Collector-Base Time Constant — 
fb Cc = 14 ps (Max) @ Ie = 2.0 mAdc 


Characterized with Scattering Parameters 


Low Noise Figure — 
NF = 4.5 dB (Max) @ f = 200 MHz 


*MAXIMUM RATINGS 


| ating =| Symbol 


Collector-Emitter Voltage VCEO 12 Vdc 
Applicable 1.0 to 20 mAdc oe 
Collector-Base Voltage 


Emitter-Base Voltage 
Collector Current 


Total Device Dissipation @ Ta = 25°C 
__Derate above 25°C 


Total Device Dissipation @ Tc = 25°C 300 
Derate above 25°C 1.71 


Storage Temperature Range -~65 to +200 


STYLE 10: 
PIN 1. EMITTER 
2. BASE 
3, COLLECTOR 
4, CASE 


NOTE: ALL RULES AND NOTES ASSOCIATED WITH T0-72 
_ OUTLINE SHALL APPLY. 


"Indicates JEDEC Registered Data. 


CASE 20-03 
TO-206AF 
(TO-72) 
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“ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) 


| Characteristic 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage | VCEO(sus) 
(I¢ = 3.0 mAde, Ig = 0) 


Collector-Base Breakdown Voltage V(BR)CBO 
(Ic = 0.001 mAdc, I¢ = 0) 


Emitter-Base Breakdown Voltage V(BR)EBO 
(lg = 0.01 mAdc, Ic = 0) 
Collector Cutoff Current IcBo 
(Vcp = 15 Vdc, Ie = 0) 
(Vcp = 15 Vdc, Ie = 0, Ta = 150°C) 
ON CHARACTERISTICS | 
DC Current Gain hee 
(tc = 3.0 mAdc, VcgE = 1.0 Vdc) 
Coliector-Emitter Saturation Voltage VCE(sat) 
(ig = 10 mAdc, Ip = 1.0 mAdc) 


| Base-Emitter Saturation Voltage VBE(sat) 
(Ic = 10 mAdc, Ig = 1.0 mAdc) 


DYNAMIC CHARACTERISTICS 


Current-Gain — Bandwidth Product (1) 
(Ic = 5.0 mAdc, VcE = 6.0 Vdc, f = 100 MHz) 


Coilector-Base Capacitance 
(Vcg = 10 Vdc, Ie = O, f = 0.1 to 1.0 MHz) 


Small-Signal Current Gain 
(Ic = 2.0 mAdc, Vcg = 6.0 Vdc, f = 1.0 kHz) 


Coliector-Base Time Constant 
(le = 2.0 mAdc, Vog = 6.0 Vdc, f = 31.9 MHz) 


Noise Figure (See Figure 1) : 
(ic = 1.5 mAdc, VcE = 6.0 Vdc, Rs = 50 ohms, f = 200 MHz) 


FUNCTIONAL TEST 
Common-Emitter Amplifier Power Gain (See Figure 1) 
(VcE = 6.0 Vdc, Ic = 5.0 mAdc, f = 200 MHz) 
Power Output (See Figure 2) 
(Vcp = 10 Vdc, Ie = 12 mAdc, f2=500 MHz) 


*indicates JEDEC Registered Values. 
fr is defined as the frequency at which Ihte] extrapolates to unity. 
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FIGURE 1 — 200 MHz AMPLIFIER POWER GAIN FIGURE 2 — 500 MHz OSCILLATOR CIRCUIT 
AND NOISE FIGURE CIRCUIT 


TYPE 
1N3195 
[= Se 
pee 1 1 75 pF OUTPUT 
oc O-O 1 13 ae aT shreds 
COMMON 
L Ti200 fa id es SEE NOTE 1 
FROM 502 ~ ol . | [EXTERNAL Ow, 
SOURCE 9.02 ye LI (er gas 20-10 1000 pF 
ae L2 cé 
Cin ¢2 ) Our is = a 
= 30-3841 20-104 1000 & NOTE = 
: 40 k | 0.001 uF Ae 1. RFC 
~VEE —O-0 O~O Vcc Note 1 — Coaxial-Line output network consisting of: 
1200 0.1 uF 2 General Radio Type 874-TEE or equivalent 
ae <> “Tiros 1 General Radio Type 874-D20 Adjustable Stub or equivalent 
= = cae 1 toe 1 General Radio Type 874-LA Adjustable Line or equivalent ; 

L1 1-3/4 Turns, #18 AWG, 0.5” L, 0.5” Diameter 1 General Radio Type oi4 WN3 Short eieutt termination or equivalen 
L2 2 Turns. #16 AWG, 0.5” L, 0.5” Diameter Note 2 - RFC = 0.2 wH Ohmite #2-460 or equivalent 

L3 2 Turns, #13 AWG, 0.25” L, 0.5” Diameter (Position 1/4” from L2) vi ; ~— Lead a ba sieps ere 

— 2 turns # wire, inc , 1-1/4 inch long 
Q = 2N5179 
FIGURE 3 — NOISE FIGURE FIGURE 4 — NOISE FIGURE versus SOURCE 
versus FREQUENCY RESISTANCE and COLLECTOR CURRENT 


CE = 6.0 Vdc 
Ic = 1.0 mAdc 
Rs = Optimum (= 250 Ohms @ 105 and 200 MHz 


=~ 100 Ohms @ 450 MHz 


NF, NOISE FIGURE (dB) 
Rs, SOURCE RESISTANCE (OHMS) 


CAE | PY 


f, FREQUENCY (MHz) Ic, COLLECTOR CURRENT (mAdc) 


FIGURE 5 — NOISE FIGURE versus SOURCE 
RESISTANCE and COLLECTOR CURRENT 


Rs, SOURCE RESISTANCE (OHMS) 


ee ee ce a 


Ic, COLLECTOR CURRENT (mAdc) 
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FIGURE 11— S44, INPUT REFLECTION COEFFICIENT FIGURE 12—S29, OUTPUT REFLECTION COEFFICIENT 
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FIGURE 15—S4q7, INPUT REFLECTION COEFFICIENT AND S22, OUTPUT REFLECTION COEFFICIENT 
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MOTOROLA 


a SEMICONDUCTOR | 
TECHNICAL DATA 
—2N5583 


: The RF Line 
_ 7 1.3 GHz @ 100 mAdc 
PNP SILICON HIGH-FREQUENCY TRANSISTOR 


HIGH-FREQUENCY 
TRANSISTOR 


PNP SILICON 


... designed for applications in high frequency amplifiers and non- 
saturated switching circuits. High gain-bandwidth product charac- 
teristic provides excellent performance in a variety of small signal 
and linear amplifier applications. 


® High Current-Gain—Bandwidth Product — 
— ff = 1300 (Min) @ Ic = 100 mAdc 


e Low Collector-Base Time Constant — 
fh Ce = 8.0 ps (Typ) @ Ic = 50 mAdc 


STYLE 1: | 
PIN 1. EMITTER 


couecron [4] ¢036i0018 © [t/a @] HO} 


MAXIMUM RATINGS 
1. DIMENSIONING AND TOLERANCING PER ANSI 


¥14.5M, 1982. 

2. CONTROLLING DIMENSION: INCH. 

3. DIMENSION J MEASURED FROM DIMENSION A 
MAXIMUM. 

4. DIMENSION B SHALL NOT VARY MORE THAN 0.25 
(0.010) IN ZONE R. THIS ZONE CONTROLLED FOR 
AUTOMATIC HANDLING. 

5. DIMENSION F APPLIES BETWEEN DIMENSION P 
AND L. DIMENSION D APPLIES BETWEEN 
DIMENSION L AND K MINIMUM. LEAD DIAMETER 
IS UNCONTROLLED IN DIMENSION P AND 
BEYOND DIMENSION K MINIMUM. 


MILLIMETERS INCHES 
Lom [MIN | MAX | MIN | MAX 
939 | 0.335 | 0.370 
8.50 | 0.305 | 0.335 
6.60 | 0.240 | 0.260 
0.53 | 0.016 | 0.021 
1.04 | 0.003 | 0.041 
0.48 | 0.016 | 0.019 
BSC 0.200 BSC 
0.86 | 0.028 | 0.034 
114 | 0.029 | 0.048 
19.05 | 0.500 | 0.750 | 


a 0.250 = 
BSC 45° BSC 
es 1.27 0.050 


=} e000 I == 
CASE 79-04 
TO-205AD 
(TO-39) 


VEB 
* Collector Current — Continuous Ic 


Total Device Dissipation @ Tq = 25°C 
Derate above 25°C 


*Total Device Dissipation @ Tc = 25°C 


5.0 Watts 
Derate above 25°C 28.6 = mw/°c 
“Operating and Storage Junction Ty. Tstg ~65 to +200 2G 
Temperature Range 


*Indicates JEDEC Registered Data. 
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ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) 


*OFF CHARACTERISTICS | 

Collector-Emitter Breakdown Voltage (Note 1) 
(1c = 10 mAdc, Ip = 0) 
Collector-Base Breakdown Voltage 
(Ic = 10 wAdc, Ie = 0) - 
Emitter-Base Breakdown Voltage 
(Ig = 100 wAdc, ic = 0) 
Collector Cutoff Current 
(VcB = 20 Vdc, Ie = 0) 


Emitter Cutoff Current 
(VeB = 2.0 Vde, Ic = 0) 


De ona Nee 
oa heart : 
ie at 


*ON CHARACTERISTICS 


DC Current Gain (Note 1) 
(I¢ = 40 mAdc, Vcg = 2.0 Vdc) 


'cBO | 
(ic = 100 mAde, VcE = 2.0 Vdc) 


(1¢ = 300 mAdc, VcE = 5.0 Vdc) aE 


Collector-Emitter Saturation. Voltage (Note 1) VCE (sat) 
(le = 100 mAdc, |g =10mAdc) : : 


Base-Emitter On Voltage (Note 1) VBE (on) 
(Ic = 100 mAdc, VcE = 2.0 Vdc) 


SMALL-SIGNAL CHARACTERISTICS 

*Current-Gain—Bandwidth Product . 
(Ic = 40 mAde, VcE = 10 Vde, f = 100 MHz) 
(1¢ = 100 mAdc, Vcg = 10 Vdc, f = 100 MHz) 


*Collector-Base Capacitance 
(Vog = 15 Vdc, Ie = 0, f = 100 kHz) 


*Emitter-Base Capacitance 
(Vp = 0.5 Vde, Ic = 0, f = 100 kHz) 


Collector-Base Time Constant 
(I¢ = 50 mAdc, Vcp = 10 Vdc, f = 63.6 MHz) 


SWITCHING CHARACTERISTICS 


(Vcc = 31.4 Vde, I¢ = 150 mAdc, 
Rc = 160 Ohms, Re = 26.6 Ohms) 


Fall Time 


*Indicates JEDEC Registered Data. 
Note 1: Pulse Test: Pulse Width < 300 us, Duty Cycle = 2.0%. 


| 
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FIGURE 1 — DC CURRENT GAIN 
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FIGURE 5 — CAPACITANCES 
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FIGURE 2 — COLLECTOR SATURATION REGION 
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FIGURE 4 — COLLECTOR CURRENT versus BASE VOLTAGE 
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FIGURE 6 - TEMPERATURE COEFFICIENTS 


4VB for VBE 


an Ta = -55° to 175°C 


5.0 10 50 100 


Ic, COLLECTOR CURRENT (mA) 


MOTOROLA RF DEVICE DATA | 
» 2-62 


2N5583 


ft, CURRENT-GAIN-BANDWIDTH PRODUCT (MHz) 


FIGURE 7 — CURRENT -GAIN-BANDWIDTH PRODUCT 
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-. FIGURE 9 — SWITCHING TIMES 
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FIGURE 8 — COLLECTOR-BASE TIME CONSTANT : 
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FIGURE 10 — SWITCHING TIMES TEST CIRCUIT 
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a The RF Line 


7.0 W — 175 MHz 
RF POWER 


TRANSISTOR 


NPN SILICON RF POWER TRANSISTOR NPN SILICON 


... designed primarily for wideband targe-signal amplifier stages in 
the 125-175 MHz frequency range. 


@® Specified 28 Volt, 175 MHz Characteristics — 
Output Power = 7.0 Watts 
Minimum Gain = 8.4 dB 
Efficiency = 60% 

® Characterized from 125 to 175 MHz 

@ Includes Series Equivalent Impedances 


8-32UNC-2A 
WRENCH FLAT 


STYLE 1: 
PIN 1. EMITTER 
2. BASE 
*MAXIMUM : 3, EMITTER 
AXIMUM RATINGS aT COMECTOR 
Rating NOTES: 
1, DIMENSIONING AND TOLERANCING PER ANSI 
Y14.5M, 1982. 


Collector-Base Voltage 2. CONTROLLING DIMENSION: INCH. 


alee Ba Volts: | ves | 40 | 
| MILLIMETERS | INCHES | 
Collector Current — Continuous pic | to | Ade Lom Fn | wax Ff wa 
| 978 | 0.370 | 0,385 _| 


Adc 
Total Device Dissipation @ Tc = 25°C Watts 
Derate above 25°C mWw/°c 
Operating and Storage Junction Ty.Tstg | -65 to +200 °C 
Temperature Range 


*|ndicates JEDEC Registered Data. 


MOTOROLA RF DEVICE DATA 


2-64 


2N5641 


*ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 


Symbol | Min | typ | Max | Unit_| 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage (Note 1) V(BR)CEO 


V(BR)CES 


(I¢ = 200 mAdc, Ig = 0) 


Collector Cutoff Current 
(VcR = 30 Vdc, IE = 0) 


V(BR)EBO 
ON CHARACTERISTICS 
DC Current Gain hee 
(Ic = 100 mAde, VcE = 5.0 Vde) 


DYNAMIC CHARACTERISTICS 


Output Capacitance 
(Vcp = 30 Vdc, Ie = 0, f = 0.1 to 1.0 MHz) 


FUNCTIONAL TEST. 


Common-Emitter Amplifier Power Gain (Figure 1) 
(Pout = 7.0 Watts, Voce = 28 Vde, f = 175 MHz) 


Collector Efficiency (Figure 1) 
(Pout = 7.0 Watts, VcE = 28 Vdc, f = 175 MHz) 


Note 1: Pulsed through 25 mH inductor. 
*Indicates JEDEC Registered Data. 


FIGURE 1 — 175 MHz TEST CIRCUIT SCHEMATIC 


RF Input 


C1,C3,C4 5.0 to 80 pF 


C2 9.0 - 180 pF 

cs 0.1 UF 

L1 1-1/4 Straight #14 AWG 

L2 3 Turns #16 AWG, 14” 1.D. 
L3 0.22 WH 


MOTOROLA RF DEVICE DATA 
2-65 | 


2N5641 


FIGURE 2 — OUTPUT POWER versus FREQUENCY FIGURE 3— OUTPUT POWER versus FREQUENCY 
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FIGURE 4 — SERIES EQUIVALENT IMPEDANCE 
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*Zo_ = Conjugate of the optimum load impedance into which the device output operates at a given output power, voltage and frequency. 


MOTOROLA RF DEVICE DATA 


2-66 


MOTOROLA 
a” SEMICONDU 
TECHNICAL DATA 


2N5642 


The RF Line 
20 W — 175 MHz 


RF POWER 
TRANSISTOR 


NPN SILICON RF POWER TRANSISTOR NEN SIGICON 


... designed primarily for wideband large-signal amplifier stages in 
the 125-175 MHz frequency range. . 


@ Specified 28 Volt, 175 MHz Characteristics — 
Output Power = 20 Watts 
Minimum Gain = 8.2 dB 
Efficiency = 60% 

® Characterized from 125 to 175 MHz 

@ Includes Series Equivalent Impedances 


STYLE 1: 
PIN 1. EMITTER 
2. BASE 
3. EMITTER 
4, COLLECTOR 


| *MAXIMUM RATINGS 
1. DIMENSIONING AND TOLERANCING PER ANSI 
V 


1 2. CONTROLLING DIMENSION: INCH, 


Collector Current — Continuous _ 

[ Total Device Dissipation @ Tc = 25°C 30 

| Derate above 25°C | | 171 

Operating and Storage Junction Ty.Tstg | -65 to +200 Oc 
Temperature Range 
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| *indicates JEDEC Registered Data. 


Load exon Pere Pape 
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CASE 145A-09 


MOTOROLA RF DEVICE DATA 
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2N5642 


*ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 


OFF CHARACTERISTICS 


Emitter-Base Breakdown Voltage 
(lg = 10 mAdc, Ic = 0) 


ON CHARACTERISTICS 


OC Current Gain hee 5.0 
(I¢ = 200 mAdc, Vcg = 5.0 Vdc) 


DYNAMIC CHARACTERISTICS 


Output Capacitance 
(Vcp = 30 Vdc, l¢ = 0, f = 0.1 to 1.0 MHz) 


FUNCTIONAL TEST 
Common-Emitter Amplifier Power Gain (Figure 1) 
(Pout = 20 Watts, Vcg~ = 28 Vdc, f = 175 MHz) 
Collector Efficiency (Figure 1) 
(Pour = 20 Watts, Voge = 28 Vde, f = 175 MHz) 


Note 1: Pulsed through 25 mH inductor. 
“Indicates JEDEC Registered Data. 


FIGURE 1 — 175 MHz TEST CIRCUIT SCHEMATIC 


C1 3.0-30 pF 

C2,C3,C4 9.0-180 pF 

C5 0.1 UF 

L1 1 Straight #14 AWG 

L2 1 Turn #16 AWG, 1/4” |.D. 
L3 0.22 wH 


MOTOROLA RF DEVICE DATA 
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2N5642 


FIGURE 2 — OUTPUT POWER versus FREQUENCY FIGURE 3 — OUTPUT POWER versus FREQUENCY 
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FIGURE 4 — SERIES EQUIVALENT IMPEDANCE 


TLiz,,40-¥ a 
aietae pe cagaas 
; IPO) “s 1 
Ao Att) 175 MHz jy, 
4 


PH 
CTP PRA 
co ia 
Hh 
ett 


l bcd 


INANOdWG9 JONVLONGNOD HO ‘(H) LNANOdWOD 3ONVISISAY 


PLR KSEE 
EL RES SSE th . mo PERE 


LM elaneneenmernieatennornmerns TT PRE 
PREP  LEHR 


MOTOROLA RF DEVICE DATA 
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MOTOROLA 
= SEMICONDUCTOR xy 


TECHNICAL DATA 


- The RF Line _ 


2N5643 


40 W — 175 MHz 


RF POWER 
TRANSISTOR 


NPN SILICON RF POWER TRANSISTOR NPN SILICON 


... designed primarily for wideband large-signal amplifier stages in 
the 125-175 MHz frequency range. 


® Specified 28 Volt, 175 MHz Characteristics — 
Output Power = 40 Watts 
Minimum Gain = 7.6 dB 
Efficiency = 60% 

® Characterized from 125 to 175 MHz 

@® Includes Series Equivalent Impedances 


SEATING 


8-32UNC-2A 
WRENCH FLAT 


STYLE 1: 
PIN 1. EMITTER 
2. BASE 
3. EMITTER 
4, COLLECTOR 


*MAXIMUM RATINGS 
NOTES: 
1, DIMENSIONING AND TOLERANCING PER ANSI 


Collector-Emitter Voitage Y14.5M, 1982. 
; 2. CONTROLLING DIMENSION: INCH. 
Collector-Base Voltage 
Emitter-Base Voltage MILLIMETERS INCHES 
Collector Current — Continuous MIN. MAL MIN MBX 
| 


Total Device Dissipation @ Tc = 25°C | ¢ | 17.02 | 2007 
| 5.46 | | 5.97 | | 0.215 | 


Derate above 25°C 
Operating and Storage Junction Ty.Tstg | -65 to +200 °c E16 | — 18 ne 
Temperature Range 0.490 
1.40 | 1.78 | 0.055 
PM | 45°NOM | 45°NOM 


*Indicates JEDEC Registered Data. 


CASE 145A-09 


MOTOROLA RF DEVICE DATA — 


2-70 


2N5643 


*ELECTRICAL CHARACTERISTICS eee 25% unless otherwise noted.) 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage (Note 1) 
(I¢ = 200 mAdc, 1g = 0) 


TP T=] 
Beet Mi WE Me Mi 
eee ee 
Se ewe 


Collector-Emitter Breakdown Voltage 
(Ic = 200 mAdc, VgeE = 0) . 


Emitter-Base Breakdown Voltage 
(I— = 10 mAdc, Ic = 0) 
Collector Cutoff Current 

(Vcop = 30 Vdc, IE = 0) 


ON CHARACTERISTICS | 


DYNAMIC CHARACTERISTICS 


Output Capacitance 
(Vcp = 30 Vdc, Ig = 0, f = 0.1 to 1.0 MHz) 


FUNCTIONAL TEST 


Common-Emitter Amplifier Power Gain (Figure 1) 


Collector Efficiency (Figure 1) 
(Pout = 40 Watts, VcgE = 28 Vdc, f = 175 MHz) 


Note 1: Pulsed through 25 mH inductor. 
*Indicates JEDEC Registered Data. 


“FIGURE 1 — 175 MHz TEST CIRCUIT SCHEMATIC 


CRE Output 


C1,C2,;C3,C4 ARCO 464 25-280 pF 


C5 0.1 WF 
L1 : 1” Straight #14 AWG 
L2 1 Turn #16 AWG, 1/4'°1.D. 


L3 ~ 0.22 WH 


~MOTOROLA RF DEVICE DATA 
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2N5643 


Paute POWER OUTPUT (WATTS) 


FIGURE 2 — OUTPUT POWER versus FREQUENCY FIGURE 3 — OUTPUT POWER versus FREQUENCY 
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FIGURE 4 — SERIES EQUIVALENT IMPEDANCE 
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| *ZOL = Conjugate of the optimum load impedance into which the device output operates at a given output power, voltage and frequency. 


MOTOROLA RF DEVICE DATA 
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MOTOROLA , 
m= SEMICONDUCPOR 
TECHNICAL DATA 


NPN SILICON HIGH-FREQUENCY TRANSISTORS 


... designed primarily for use in fact current-mode switching circuits - 
in military and industrial equipment. Suitable for use in general 
high-frequency amplifier applications to 1.5 GHz. | 


@ 2N5835 — 10 mAdc, 6.0 Vdc Characteristics 
fy = 2.5 GHz (Min) 
rp'Cc = 5.0 ps (Typ) 
tr = 250 ps (Typ) 

@® 2N5836 — 50 mAdc, 6.0 Vde Characteristics — 
ft = 2.0 GHz (Min) Pa 
tb Co = 6.0 ps (Typ) 
ty = 320 ps (Typ) yar 

@ 2N5837 — 100 mAdc, 3.0 Vde Characteristics — 
ft = 1.7 GHz (Min) 

 Tp’'Ce = 6.0 ps (Typ) 
tr = 650 ps (Typ) 


| *MAXIMUM RATINGS 


aad ll 


Vdc 


ollector Current — Continuous 
Total Device Dissipation @ T a = 25” 
Derate above 25°C 
Total Device Dissipation@Tc = 100°C 
Derate above 100°C | 
Storage Junction Temperature Range Tstg 


bees 
a 
es 


: 0.75 Watts 
7.5 |mw/ec 


-65 to +200 ——= 


“indicates JEDEC Registered Data. : 


MILLIMETERS INCHES 


0,100 BSC 
0.036 | 0.046 
0.028 | 0.048 
0.500 = 


STYLE 10: 
PIN 1. EMITTER 
2. BASE 
3, COLLECTOR 


4. CASE CASE 20-03 


NOTE: ALL RULES AND NOTES ASSOCIATED WITH TO-72 TO-206AF 
OUTLINE SHALL APPLY. (TO-72) 


MOTOROLA RF DEVICE DATA 


2-73 


2N5835_ 


-2N5836_— 
2N5837 


2.5 GHz @ 10 mAde — 2N5835, 
2.0 GHz @ 50 mAdc — 2N5836 
1.7 GHz @ 100 mAdc — 2N5837 


HIGH FREQUENCY 
TRANSISTORS 


NPN SILICON 


TO-206AB 
2N5836 TO-206AF 
2N5837 2N5835 


PIN 1. EMITTER 
2, BASE 
3. COLLECTOR 


MILLIMETERS 


CASE 26-03 
TO-206AB 
(TO-46) 


2N5835, 2N5836, 2N5837 


* ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) 


= Characteristic 


OFF CHARACTERISTICS ) , 
| ViBR)CBO | |}  Vde 
15 
| 15 
| 10 


Collector-Base Breakdown Voltage 


(l¢ = 10 Adc, If = 0) . 2N5835 
Ee ; 


(Ic = 100 Ade, I = 0) 2N5836 
eg ee | 2N5837 


Emitter-Base Breakdown Voltage 
(le = 100 pAdc, Ic = 0): 


Collector Cutoff Current ICBO 
(Vcogp=7.5Vde,le=0) © 2N5835 | 
(Vcopg = 10 Vde, Ig = 0) : 2N5836 
(VcR = 5.0 Vde, Ig = 0) 2N5837 


Emitter Cutoff Current 
(VEB = 3.0 Vde, Ic = 0) 


ON CHARACTERISTICS 


DC Current Gain 
(I¢ = 10 mAdc, VcgE = 6.0 Vdc) 2N5835 


(I¢ = 50 mAdc, Vcg = 6.0 Vdc) 2N5836 
(ig = 100 mAdc, Vc = 3.0 Vdc) 2N5837 


Base-E mitter On Voltage 
(t¢ = 10 mAdc, VcgE = 6.0 Vdc) 2N5835 


(Ic = 50 mAdc, Veg = 6.0 Vdc) 2N5836 
(I¢ = 100 mAdc, VcE = 3.0 Vdc) 2N5837 


DYNAMIC CHARACTERISTICS 


Current-Gain—Bandwidth Product @ 
(iG = 10 mAdc, Vcg = 6.0 Vdc, f = 200 MHz) 2N5835 


(I¢ = 50 mAdc, Vcg = 6.0 Vdc, f = 200 MHz) -2N5836 
(I¢ = 100 mAdc, Veg = 3.0 Vde, f = 200 MHz) 2N5837 


Collector-Base Capacitance 
(Vcp = 10 Vdc, Ie = 0, f = 0.1 to 1.0 MHz) 2N5835 
2N5836 


= 5.0 Vdc, Ie = 0, f = 0.1 to 1.0 MHz) 2N5837 


(Vc 
Collector-Base Time Constant @ 

(1c = 10 mAdc, VcgE = 6.0 Vde, f = 63.6 MHz) 2N5835 
(Ic = 50 mAdc, Vcg = 6.0 Vdc, f = 63.6 MHz) 2N5836 
(Ic = 100 mAdc, VcE = 3.0 Vde, f = 63.6 MHz) 2N5837 


SWITCHING CHARACTERISTICS @ 


(Ic = 10 mAdc) —-2N5835 
(Ic = 40 mAdc) 2N5836 
(Ic = 100 mAdc) 2N5837 


Rise Time (See Figure 1) 


“indicates JEDEC Registered Data 
Or, is defined as the frequency at which Ingel extrapolates to unity... 
@ Typical values shown in addition to JEDEC Registered Data. 


FIGURE 1 — SWITCHING TIME TEST CIRCUIT 


To Oscilloscope Vertical Inputs 
(Tektronix 568 or Equivalent) 


i . : 
/ \ Channel 1 4 Channel 2 4 
0 - Vin 


Vout 
tr, tf < 0.5 ns 


ic | Re | Rt | RK 
mA | Ohms | Ohms | Ohms 


10 | 380 100 50 


This test set-up is designed to simulate 
a cascade of identical stages. RS= RL 
Vin = Vout =1.0V 

Oyef is a transistor of the 

same type as the transistor 

under test. 


40} 95 | 25 0 
100} 38 | 10 0 -4.5 Vde — 2N5835, 2N5836 
200 | 19 0 = 


O -2.5 Vde — 2N5837 


MOTOROLA RF DEVICE DATA 
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2N5835, 2N5836, 2N5837 


FIGURE 2 — SWITCHING TIME 


FIGURE 3 — CURRENT-GAIN—BANDWIDTH PRODUCT 
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FIGURE 5 — SORBENT CoN NDEI PRODUCT 


FIGURE 4 — CURRENT-GAIN—BANDWIDTH PRODUCT 
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Ic, COLLECTOR CURRENT (mAdc) 


FIGURE 7 — COLLECTOR-BASE CAPACITANCE 


- Ic, COLLECTOR CURRENT (mAdc) — 


FIGURE 6 — COLLECTOR-BASE TIME CONSTANT 
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MOTOROLA RF DEVICE DATA 
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2N5835, 2N5836, 2N5837 


2N5835 SCATTERING PARAMETERS | 
(Ic = 5.0 mAdc, VcE = 6.0 Vdc, ZG = ZL = 50 Ohms) 


/ FIGURE 8 — S44, INPUT REFLECTION COEFFICIENT | FIGURE 9 — So9, OUTPUT REFLECTION COEFFICIENT 
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2N5835, 2N5836, 2N5837 


-2N5836 SCATTERING PARAMETERS 
(Ic = 100 mAdc, Vcg = 10 Vdc, ZG = ZL = 50 Ohms) 


FIGURE 12 — S47, INPUT REFLECTION COEFFICIENT 


FIGURE 13 — S92, OUTPUT REFLECTION COEFFICIENT 


FIGURE 14 — S49, REVERSE TRANSMISSION COEFFICIENT 
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2N5835, 2N5836, 2N5837 


2N5837 SCATTERING PARAMETERS 
(I¢ = 100 mAdc, VcE = 3.0 Vdc, ZG = Z_ = 50 Ohms) 


FIGURE 16 — S44, INPUT REFLECTION COEFFICIENT 


FIGURE 17 — S39, OUTPUT REFLECTION COEFFICIENT 


FIGURE 18 — S427, REVERSE TRANSMISSION COEFFICIENT 
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FIGURE 19 — S94, FORWARD TRANSMISSION COEFFICIENT 
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MOTOROLA RF DEVICE DATA 
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MOTOROLA 
a2 SEMICONDUCTOR EEE 
TECHNICAL DATA 


2N5849 


| The RF Line | 
: 40 W-50 MHz 


RF POWER 
TRANSISTOR 


NPN SILICON: 
NPN SILICON RF POWER TRANSISTOR 3 


. .. designed primarily for use in large-signal amplifier output stages, 
the 2N5849 is intended for use in industrial communications equip- 
ment operating at frequencies to 80 MHz. 


® Specified 12.5 Volt, 50 MHz Characteristics — 
Output Power = 40 Watts 
Minimum Gain = 7.5 dB 
Efficiency = 50% 


8-32UNC-2A 
WRENCH FLAT 


STYLE 1: B 
PIN 1. EMITTER 
2. BASE 
3, EMITTER 


*MAXIMUM RATINGS 4, COLLECTOR 


NOTES: 
1, DIMENSIONING AND TOLERANCING PER ANS! 
Y14.5M, 1982. 
2. CONTROLLING DIMENSION: INCH, 


| Collector-Emitter Voltage VCEO 
Caector se Volo [ves [vee 


*tndicates JEDEC Registered Data. 


This device is designed for RF operation. The total device dissipation 
rating applies only when the device is operated as an RF amplifier. 


CASE 145A-09 


MOTOROLA RF DEVICE DATA 
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2N5849 


*ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(1) 
(ic = 200 mAdc, !g =.0) 


Collector-Emitter Breakdown Voltage(1) 
(Ig = 100 mAdc, Vge = 0) 


Emitter-Base Breakdown Voltage — 
(ig = 10 mAdc, Ic = 0) 


Collector Cutoff Current 
(Vege = 15 Vde, Veg = 0, Ta = +125°C) 


Collector Cutoff Current 
(Vcg = 15 Vde, Ie = 0) 


ON CHARACTERISTICS 


DC Current Gain Nee 3.0 
(Ic = 2.4 Adc, Vcge = 5.0 Vdc) 


DYNAMIC CHARACTERISTICS 


Output Capacitance 
(Vcg = 12.5 Vde, te = 0, f = 0.1 to 1.0 MHz) 


FUNCTIONAL TEST 
Common-Emitter Amplifier Power Gain 
(Pout = 40 W, Voc = 12.5 Vde, f = 50 MHz) . 


Collector Efficiency 
(Pout = 40 W, Vcc = 12.5 Vde, f = 50 MHz) 


“Indicates JEDEC Registered Data. 
(1)Pulsed thru a 25 mH Inductor. 


FIGURE 1 — 50 MHz POWER GAIN TEST CIRCUIT 


vec 


C1 = 25-280 pF, Arco 464 or Equivalent 

C2 80-480 pF, Arco 466 or Equivalent 

C3 (0-75 pF, Hammarlund MAPC 75 or Equivalent 

C4 0-50 pF, Hammarlund MAPC 50 or Equivalent 
L111 Turn #14 AWG 5/16” I.D. 

L2 2-1/2 Turns #22 AWG on 3/8” Ferrite Bead 
L318 Turns #18 AWG 3/8” |.D. 2 Layers, 9 Turns Each 
L4 4 Turns #14 AWG 7/16" 1.0. 7/16” Long 


MOTOROLA RF DEVICE DATA 
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2N5849 


Rin, INPUT RESISTANCE (OHMS) Pout, OUTPUT POWER (WATTS) 


Cout, OUTPUT CAPACITANCE (pF) 


FIGURE 2 — POWER OUTPUT versus POWER INPUT. 


Pin, INPUT POWER (WATTS) 


FIGURE 4 — PARALLEL EQUIVALENT INPUT 
RESISTANCE versus FREQUENCY 


f, FREQUENCY (MHz) 


Cin, INPUT CAPACITANCE (pF) 


FIGURE 6 — PARALLEL EQUIVALENT OUTPUT 
CAPACITANCE versus FREQUENCY 


f, FREQUENCY (MHz) 


Ic, COLLECTOR CURRENT (AMP) 


MOTOROLA RF DEVICE DATA 


2-81 


Pout, OUTPUT POWER (WATTS) 


FIGURE 3 = POWER OUTPUT versus FREQUENCY 


f, FREQUENCY (MHz) 


FIGURE 5 — PARALLEL EQUIVALENT INPUT 
CAPACITANCE versus FREQUENCY 


f, FREQUENCY (MHz) 


FIGURE 7 — DC SAFE OPERATING AREA 
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Vce, COLLECTOR-EMITTER VOLTAGE (VOLTS) 


2N5849 


40 WATT, 50 MHz TRANSMITTER SCHEMATIC 


> O +12.5 Vde- 
0.005 uF Ak 0.001 pF a 2 uF 40 Ai 0.05 uF 15 pF 
= — = = RFC2 
RFC1 
RFC 43 nH 
en | a Dat 2N5849 | 
20 pF 190 nH : ‘5-80 pF 
25-280 pF 0.15 ui 2N5847 25-280 pF 
2N4073 oe 102 niet 
RFC Pp 1/2 
RFC : 9-180 pF * , 
15-15 pF ms vkK200* | vst = = 
: Vv4aw . = = = >= 
Po = 40W *Ferroxcube Part Number 
Pin = 20 mW ‘RFC1 — 20 Turns #18 AWG, 3/16” I.D., 2 Layers, 
Overall Gain = 33 dB . 10 Turns Each, Close Wound. - 
Overall Efficiency = 59.2% | RFC2 — 18 Turns, #18 AWG, 3/16” |.0., 2 Layers, 


9 Turns Each, Close Wound. 


MOTOROLA RF DEVICE DATA 
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MOTOROLA 


a SEMICONDUCTOR 


TECHNICAL DATA 2N5943 | | 


1.2 GHz — 50 mAdc 


NPNSILICON 
HIGH-FREQUENCY 
TRANSISTOR 


NPN SILICON - 


NPN SILICON HIGH-FREQUENCY TRANSISTOR © 


. . . designed specifically for broadband applications requiring low 
cross-modulation distortion and low-noise figure. Characterized for 
use in CATV applications. 3 . 
@ Low Noise Figure — @ f = 200 MHz 

NF (Narrowband) = 3.4 dB (Typ) 

NF (Broadband) = 6.8 dB (Typ) 
@ High Current-Gain — Bandwidth Product — 

fT = 1200 MHz (Min) @ Ic = 50 mAdc 


@ Completely Characterized with s and y-Parameters 


*MAXIMUM RATINGS 


STYLE 1: 
PIN 1. EMITTER 


_ 2. BASE 
3. COLLECTOR @ 0.36 (0.014) ® | T| A @| H @ 


Derate above 25°C 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C ~ 


Operating and Storage Junction = 
Temperature. Range 


*tndicates JEDEC Registered Data. NOTES: 
a “1, DIMENSIONING AND TOLERANCING PER ANSI 
_ 2 Y14.5M, 1982. : 
FIGURE 1 — NARROW-BAND TEST CIRCUIT - CONTROLLING DIMENSIONS WER: 

. DIMENSION J MEASURED FROM DIMENSION A 
MAXIMUM. . 

. DIMENSION 8 SHALL NOT VARY MORE THAN 0.25 
(0.010) IN ZONE R. THIS ZONE CONTROLLED FOR . 
AUTOMATIC HANDLING. 

. DIMENSION F APPLIES BETWEEN DIMENSION P 

_AND L. DIMENSION D APPLIES BETWEEN 

~ DIMENSION L AND K MINIMUM. LEAD DIAMETER 
S$ UNCONTROLLED IN DIMENSION P AND 
BEYOND DIMENSION K MINIMUM. 


MILLIMETERS 


50 Ohms OUTPUT 


INPUT 


L1 = 2 turns #20 wire 
1/4” 1D, 3/16” tong 


L2 = 5 turns #18 wire 
1/4" 1D, 5/8” long, 
tapped 1-3/4 turns 
fram collectar 


All capacitors in pF 
unless otherwise noted. 


CASE 79-04 
TO-205AD 
(TO-39) 


MOTOROLA RF DEVICE DATA 
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2N5943 


“ELECTRICAL CHARACTERISTICS (T, = 25°C unless otherwise noted) 


eB 
OFF CHARACTERISTICS 
el 


Collector-E mitter Breakdown Voltage 
(Ic = 5.0 mAdc, Ig = 0) 


Collector-Base Breakdown Voltage 
“(Ig = 100 Adc, Ie = 0) 


mitter-Base Breakdown Voltage 
(Ig = 100 uAdc, Ic = 0) 


Collector Cutoff Current 
(Vcg = 15 Vde, IE = 0) 


ON CHARACTERISTICS 
DC Current Gain 
(I¢ = 50 mAdc, Vcg = 15 Vde) 


Collector-Emitter Saturation Voltage 
(tc = 100 mAdc, |g = 10 mAdc) 


Base-E mitter Saturation Voltage 
_ (lg = 100 mAde, Ig = 10 mAdc) 


DYNAMIC CHARACTERISTICS 

Current-Gain — Bandwidth Product (Figure 2) _ 
(I¢ = 25 mAdc, Veg = 15 Vdc, f = 200 MHz) 
(Ig = 50 mAde, VcE = 15 Vde, f = 200 MHz) 

(I¢ = 100 mAdc, Vcg = 15 Vdc, f = 200 MHz) 


Collector-Base Capacitance (Figure 5) 
(Veg = 30 Vdc, Ie = 0, f= 100 kHz) 


Emitter-Base Capacitance (Figure 5) 
(Veg = 0.5 Vde, Ic = 0, f= 100 kHz) 


| Smalt-Signal Current Gain 
(I¢ = 50 mAdc, Veg = 15 Vdc, f = 1.0 kHz) 


lGollector-Base Time Constant 
(Ig = 50 mAdc, Vcg = 15 Vde, f = 31.8 MHz) 


Noise Figure 
(I¢ = 30 mAdc, VcgE = 15 Vdc, f = 200 MHz) (Figure 1) 
(Ic = 35 mAdc, VcgE = 15 Vde, f = 200 MHz) (Figures 6, 11, 14) (1) 


FUNCTIONAL TEST 


Common-E mitter Amplifier Power Gain 
(I¢ = 10 mAdc, Vcg = 15 Vdc, f = 200 MHz) (Figure 1) 
(Ic = 50 mAdc, VcE = 15 Vdc, f = 250 MHz) (Figure 6) 


Intermodulation Distortion (Figure 7) 


(I¢ = 50 mAdc, Veg = 15 Vdc, Vout = +50 dBmV) 


Cross Modulation Distortion (Figure 8) 
(Ig = 50 mAdc, Vcg = 15 Vde, Vout = +40 dBmV) 
(tc = 50 mAdc, Vcg = 15 Vdc, Voyt = +50 dBmV) 


“indicates JEDEC Registered Data. 
(1) includes noise figure of post-amplifier and matching pad. 
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2N5943 


ff, CURRENT GAIN-BANDWIDTH PRODUCT (GHz) 


25° : 25 


FIGURE 2 ~ CURRENT-GAIN — BANDWIDTH PRODUCT —s—iwe «FIGURE 3— COLLECTOR-BASE TIME CONSTANT 


rh'Cc, COLLECTOR-BASE TIME CONSTANT (ps) 


0 0 
0 20 40 60 80 100 120 140 1 
“Ig, COLLECTOR CURRENT (mAdc) i Ic, COLLECTOR CURRENT (mAde) 
FIGURE 4 — SATURATION VOLTAGES FIGURE 5 — CAPACITANCES versus REVERSE VOLTAGE 
TTT 
aE 
a lel ei car ae 
na = 
aaeee a ei 
= mee z 
2 ost : 
= gall a a 
o tf 
S ee =n ee 
ae ae ane a 
as 
ae 
0 
01 0.2 03 050710 2030 507010 20 
Ic, COLLECTOR CURRENT (mAdc) - Vp, REVERSE VOLTAGE (VOLTS) 
FIGURE 6 — BROADBAND TEST CIRCUIT 
is C1 1.0-10pF © JOHANSON 2951 OR EQUIVALENT 
ue C2,C7 0.01 uF | 
C3 «05-60 pF JOHANSON 4642 OR EQUIVALENT 
at 4d . | C4,C6 1500 pF 
r C5 L5 OUTPUT ¢5 470 pF . 
INPUT uy (Pp TI : {—) L1 2 TURNS AWG #26, 5/32” 1.D. 
oO TUT. 75¢ 2  1#HMOLDED CHOKE | 
ae Ly C6 L3° 5 TURNS AWG #26, 3/32" 1.0. 
: so at L4 — FERRITE CHOKE, 3 TURNS #30 ON 
= C1 3 R22 STACKPOLE 57-0156 BEAD. 
C4 ‘a = L5 —- 2TURNS AWG #26, 3/32"1.0. 
ale BE | aa Tl AWG 430 TRIFILAR WOUND 1-9-9 ON 
= = = 1 STACKPOLE 57-0985, #11 TOROID 
= R1 270 0HMS 
C7 ’ R218 QHMS 
T R3 «150 OHMS 
C2 | = ae 
e e) . 
ARL 
it vee vee GARLOCK TEFLON SOCKET 
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2N5943 


FIGURE 7 — CROSS-MODULATION DISTORTION versus FIGURE 8 — CROSS-MODULATION 
COLLECTOR CURRENT DISTORTION versus OUTPUT LEVEL 


“ Vce = 15 Vdc 
Channel 13 


VCE= 15 Vde 
Output Level = +40 dBmV 
Channel 13 


~50 


i 
Pane 
eee 


-60 


CROSS-MODULATION DISTORTION| (dB) 
CROSS-MODULATION DISTORTION (dB) 
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-80 -80 
25 30 40 50 60 7075 40 42 44 46 48 50: 
ic, COLLECTOR CURRENT (mAdc) OUTPUT LEVEL (dBmV) 
FIGURE 9 — NARROWBAND NOISE FIGURE versus FIGURE 10 — NARROWBAND NOISE FIGURE versus 
COLLECTOR CURRENT - COLLECTOR CURRENT 


ao ——+—+— Rg = 250 ©, VcE = 6.0 TO 20 Vdc : cat ei ti a 
2 ; |e 3 cee 
ede eee leet fe 
2 a a ee Rg= 100.2, Vee = 6.0 TO 20 Vac 2 
iL . - - 
= eA : 
ate Pe ae ae . 
tc, COLLECTOR CURRENT (mAdc) Ic, COLLECTOR CURRENT (mAdc) 
FIGURE 11 — BROADBAND NOISE FIGURE versus FIGURE 12 — NARROWBAND NOISE FIGURE versus 
COLLECTOR CURRENT FREQUENCY 
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2N5943 


FIGURE 14— INPUT ADMITTANCE 


versus COLLECTOR CURRENT 


FIGURE 13 — INPUT ADMITTANCE versus FREQUENCY 
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Vce = 19 Vde 
f = 200 MHz 
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f, sees (MHz) 


Ic, COLLECTOR CURRENT (mAdc) 


FIGURE 16 — REVERSE TRANSFER ADMITTANCE versus 


FIGURE 15 — REVERSE TRANSFER ADMITTANCE 


COLLECTOR CURRENT 


versus FREQUENCY — 


15 Vde 
200 MHz 


VCE = 


f 


CEN, 
BEREEAT; 


50 mAdc 


Vce = 15 Vde 
IC 


(soywwt) JONVLLINGY H34SNVHL 3SU3ARH “OA 


Ic, COLLECTOR CURRENT (mAdc) 


f, FREQUENCY (MHz) 


FIGURE 18 — FORWARD TRANSFER ADMITTANCE versus 


FIGURE 17 — FORWARD TRANSFER ADMITTANCE | 
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Yoe, OUTPUT ADMITTANCE (mmhos) 


‘FIGURE 19 — OUTPUT ADMITTANCE versus FREQUENCY 


Vcpe= 15 Vde 
ic = 50 mAdc 


300 
f, FREQUENCY (MHz) 


“ FIGURE 21 — INPUT REFLECTION COEFFICIENT versus 
. FREQUENCY 
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Yor, OUTPUT ADMITTANCE (mmhos) 


140° 


FIGURE 20 — OUTPUT ADMITTANCE versus COLLECTOR 
CURRENT 
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Ic, COLLECTOR CURRENT (mAdc) 


FIGURE 22 — OUTPUT REFLECTION COEFFICIENT versus 
FREQUENCY 
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FIGURE 23 — REVERSE TRANSMISSION FIGURE 24 — FORWARD TRANSMISSION COEFFICIENT 
COEFFICIENT versus FREQUENCY versus FREQUENCY 
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FIGURE 25 — INPUT REFLECTION COEFFICIENT AND OUTPUT REFLECTION 
COEFFICIENT versus FREQUENCY 
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= SEMICONDUCTOR 
—— 9N5944 
TECHNICAL DATA 2N5945 


2N5946 


The RF Line _ 


NPN SILICON RF POWER TRANSISTORS 


2.0, 4.0, 10 W - 470 MHz 


RF POWER 
TRANSISTORS 


NPN SILICON 


.. . designed for 7.0 to 15 Volts, UHF large signal amplifier applica- 
tions required in industrial and commercial FM equipment operating 
in the 400 to 960 MHz range. 


® Specified 12.5 Volt, 470 MHz Characteristics — 
Power Output = 2.0 W — 2N5944 
4.0 W — 2N5945 
10 W — 2N5946 


Minimum Gain = 9.0 dB — 2N5944 
8.0 dB — 2N5945 
6.0 dB — 2N5946 

Efficiency = 60% Minimum 


@ Characterized with series equivalent large-signal impedance 
parameters 


MAXIMUM RATINGS 


[aniseed | anseas | 2ngea6 [Unit 
Ce 

———— Vd . 

ee wt a 
° 7,06 0,286 

| [Ade _| 620 | 650 | 
3 37.5 Watts 
28.5 85.5 214 mw /°c 


| 0,244 | 0.256 
[—— 51000 —— | 
[_in-lbs._ 


*Indicates JEDEC Registered Data 
|(1)These devices are designed for RF operation. The total device dissipation rating 
applies only when the devices are operated as RF amplifiers. 


(2)For repeated assembly use 5 in-Ibs. 


PIN 1. EMITTER 


2. BASE 
CASE 244-04 9. EMITTER 


4, COLLECTOR 


MOTOROLA RF DEVICE DATA 
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2N5944, 2N5945, 2N5946 


| Collector-Emitter Breakdown Voltage V(BR)CEO 
(Ic = 50 mAdc, Ip = 0) 2N5944 


(I¢ = 100 mAdc, |p = 0) 2N5945 


(tc = 200 mAdc, Ip = 0) . 2N5946 . 16 
| Collector-Emitter Breakdown Voltage ViBR)CES 
(1c = 50 mAdc, Vpe = 0) 2N5944 36 
(1¢ = 100 mAdc, Vee = 0) 2N5945 


2N5946 


| ({¢ = 200 mAdc, VBE = 0) 
Emitter-Base Breakdown Voltage 
(te = 1.0 mAdc, Ic = 0) —2N5944 
(f_ = 2.0 mAdc, Ic = 0) 2N5945 
(le = 4.0 mAdc, Ic = 0) 2N5946 
Collector Cutoff Current 
(VcE = 15 Vdc, Veg = 0, Tc = 55°C) 2N5944 
2N5945,2N5946 


V(BR)EBO | Vde 
4.0 
4.0 
4.0 | 
ICES “mAdc 
. 0.2 10 
0.5 20 
ICBO mAdc 
1.0 


Collector Cutoff Current 
(VcRB = 15 Vdc, IE = 0) 2N5944,2N5945 
2N5946 


ON CHARACTERISTICS 


DC Current Gain 
(1¢ = 100 mAdc, Vcg = 5.0 Vde) 2N 5944 


(1¢ = 200 mAdc, Vcg = 5.0 Vdc) 2N5945 
(1¢ = 500 mAdc, VcE = 5.0 Vdc) , 2N5946 


DYNAMIC CHARACTERISTICS 


| Output Capacitance 
(Vcp = 12.5 Vdc, Ie = 0, f = 1.0 MHz) 2N5944 


2N5945 
2N5946 


FUNCTIONAL TEST (Figures 20 and 21). 


Common-Emitter Amplifier Power Gain 
(Voc = 12.5 Vde, Poyt = 2.0 W, Ic(max)} = 267 mAdc, 2N5944 
f = 470 MHz) | 
(Vcc = 12.5 Vde, Poyt = 4.0 W, Ic (max) = 533 mAdc, 2N5945 
f = 470 MHz) 
(Voc = 12.5 Vdc, Poyt = 10 W, Ic(max) = 1.33 Adc, 2N5946 
= 470 MHz) 


| Collector Efficiency 
(Vcc = 12.5 Vde, Pout = 2.0 W, Ic (max) = 240 mAdc, 2N5944 
f = 470 MHz) 
(Vcc = 12.5 Vde, Poy = 4.0 W, Ic(max) = 500 mAdc, 2N5945 
f = 470 MHz) 
(Vcc = 12.5 Vdc, Poyt = 10 W, Ic (max) = 1.3 Adc, 2N5946 
f = 470 MHz) 


"Indicates JEDEC Registered Data 


These devices are available in various packages, such as a studless 
stripline package, TO-205AD (TO-39) and also in chip form on beryllium 
oxide carriers for hybrid assemblies. . 

For further information, contact your nearest Motorola representative 
or the factory representative. 


MOTOROLA RF DEVICE DATA 
2-91 


2N5944, 2N5945, 2N5946 


Pout, OUTPUT POWER (WATTS 


Pout, OUTPUT POWER (WATTS) 


2N5944 | 
TYPICAL PERFORMANCE DATA 


- FIGURE 1 — SERIES EQUIVALENT IMPEDANCE FIGURE 2 — OUTPUT POWER versus SUPPLY VOLTAGE 
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*Zo_ = Conjugate of the optimum load impedance into which the device output 
operates at a given output power, voltage and frequency. 

Vec = 12.5 Vde, Pout = 2.0W 


Pout, OUTPUT POWER (WATTS) 


Vcc, SUPPLY VOLTAGE (VOLTS) 


FIGURE 3 — OUTPUT POWER versus INPUT POWER FIGURE 4 — OUTPUT POWER versus FREQUENCY 


oe ea ae 
ee cn Gaetan le 


40 


Vec = 12.5 Vde e am 
f = 470 MHz < | 
as 
Wi 
= 
= 20 
= 2. 
> 
a. 
be 
= 
ss 
B 1.0 
a. 
0 
430 450 470 490 510 530 
Pin, INPUT POWER (mW) f, FREQUENCY (MHz) 
FIGURE 5 — OUTPUT POWER versus INPUT POWER FIGURE 6 — OUTPUT POWER versus INPUT POWER 


2) 
e 
= 
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= 
[ao 
wi 
= 
oO 
a. 
tm 
= 
a 
Ee 
> 
oO 
3 
a 
0 0.2 0.4 0.6 0.8 1.0 
Pin, INPUT POWER (mW) Pin, INPUT POWER (WATTS) 


MOTOROLA RE DEVICE DATA 
2-92 


2N5944, 2N5945, 2N5946 


2N5945 | 
TYPICAL PERFORMANCE DATA 


. FIGURE 7 — SERIES EQUIVALENT IMPEDANCE . FIGURE 8 — OUTPUT POWER versus SUPPLY VOLTAGE 
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*Z0L = Conjugate of the optimum load impedance into which the device output 
-- operates at a given output power, voltage and frequency. 
Voc = 12.5 Vde, Pout = 4.0W | 
Vcc, SUPPLY VOLTAGE (VOLTS) 
FIGURE 9 — OUTPUT POWER versus INPUT POWER FIGURE 10 — OUTPUT POWER versus FREQUENCY 


Vec = 12.5 Vde 
f= 470 MHz 


Pout, OUTPUT POWER (WATTS) 
Pout, OUTPUT POWER (WATTS) 


ees 
CHET 


PU Ey PT 


420 440 460 480 500 520 


Pin, INPUT POWER (WATTS) ft, FREQUENCY (MHz) 


FIGURE 11 — OUTPUT POWER versus INPUT POWER FIGURE 12 — OUTPUT POWER versus INPUT POWER 


Vec = 7.5 Vde 
f = 470 MHz 


Pout, OUTPUT POWER (WATTS) 
Pout, OUTPUT POWER (WATTS) 


75 1.25 1.75 2.25 2.75 3.25 


Pin, INPUT POWER (WATTS) ) Pin, INPUT POWER (WATTS) 


MOTOROLA RF DEVICE DATA 
2-93 


2N5944, 2N5945, 2N5946 


} 2N5946 
TYPICAL PERFORMANCE DATA 


: FIGURE 13 — SERIES EQUIVALENT IMPEDANCE _ FIGURE 14 — OUTPUT POWER versus SUPPLY VOLTAGE 


f= 470 MHz 


s' i. H a Pin = 2.5 Watts 
6 ai oN 2 ea, < 
on aeun Thy LTH = 
os Ch ECE a 
ets See eenae ty = 
OE PEE a. S 
Cer 400 2.3— j1.2 FEE HHE 400 1.44 i0.7 Tee 5 
OCs 450 3.6~j1.0 FUE 450 1.34 j1.1 ae a 
SANK 519 4.5 — j0.3 eee sears bY = 
SOA EET : : 
eeetaseeeteaniiieT < 
Ore TEE TEL 
*ZOL = Conjugate of the optimum load impedance into which the device output 
Operates at a given output power, voltage and frequency. 
Wee = 12.5 Vde, Pout = 12 W 
Vcc, SUPPLY VOLTAGE (VOLTS) 


FIGURE 15 — OUTPUT POWER versus INPUT POWER FIGURE 16 — OUTPUT POWER versus FREQUENCY 
20 


Pout, OUTPUT POWER (WATTS) 
r= 
Pout, OUTPUT POWER (WATTS) 


Pin, INPUT POWER (WATTS) f, FREQUENCY (MHz) 


FIGURE 17 — OUTPUT POWER versus INPUT POWER 
9.0 


Pout, OUTPUT POWER (WATTS) 


Pin, INPUT POWER (WATTS) 


MOTOROLA RF DEVICE DATA 
2-94 


2N5944, 2N5945, 2N5946 


FIGURE 18 — 10-WATT BROADBAND UHF AMPLIFIER 
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© +12.5 Vde 
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es | a F123 ———€—}-——-€ RF OUTPUT 
| vv) ee (7 c3 CO 
els. a tz 1p ot 
Sy ey (i  CTAR ARB as 7 
RF INPUT >—€}—_}}*- = a oe ee 
63 ape . 


C2 = = 


iF : 


PARTS LIST= = = = . -£1,L3 3.9 wH Molded Choke MILLER or equivalent 
L2,L4 5 Turns #18 AWG Enameled 0.2” |.D. 
L5 FERROXCUBE Ferrite Choke VK200 20/4B 
-21,22,Z23 Microstrip Lines (See Template Below) 
Q1 2N5944 
Q2 2N5946 


C1,C2,C4,C13,C14 0.9-7.0 pF ARCO 400 or equivalent 
C3,C7,C8 25 pF UNELCO or equivalent . 
C5,C11 0.1 wF Ceramic 35 V 3 
C6,C12 680 pF ALLEN BRADLEY Feedthru 
c9,C10 1.0 uF, 35 V Tantalum 


FIGURE 19 — OUTPUT POWER versus FREQUENCY 


Vcc = 12.5 Vde 
Pin = 250 mW 


10 W AMPLIFIER PERFORMANCE 


Voc = 12.5 Vde 
Frequency Pin | Pout] Ic 
MHz mW W |Amp 
8.5 


Pout. OUTPUT POWER (WATTS) 


440 450 460 470 480 
f, FREQUENCY (MHz) 


P.C. Board 3x2x0.062 Inch G10 Per Template 
lene |S 


FIGURE 20 — PC BOARD PHOTOMASTER — 
10 WATT BROADBAND AMPLIFIER 


FIGURE 21 — PHOTO OF 10 WATT BROADBAND AMPLIFIER 


MOTOROLA RF DEVICE DATA 
2-95 


2N5944, 2N5945, 2N5946 


400-510 


MHz Test 
Circuit 


NOTE: The Printed Circuit Board shown is 75% of the original. . 


2N5944~- 46 


001. 


FIGURE 22 — 470 MHz TEST CIRCUIT 


L1 TL2 


C2 
50 0 


ore 


C1, C2; C8, C10 — Johanson Trimmer, JMC #5501 
C3 — 100 pF Unelco 350 Vdc J101 

C4 — 15 pF Unelco 

C5 — 680 pF Allen Bradley Feed-Thru 

C6 — 0.1 wF Monolithic - 

C7 — 1 uF Tantalum Sprague + 10% 35 Vdc 

C9 — 5 pF Electrolytic 5-25 Vdc — 


TL3 C5 
[___}-0=0 
+ 
C6 C7 
| zo 
TL4 7 _ 7 
(\- 
C8 
@i: 
Ns 


TL1 — Micro Strip 0.26” x 2.9”... 
TL2 — Micro Strip 0.055” x 3.9” ° 
TL3 — Micro Strip 0.055” x: 2.9" . 

TL4 — Micro Strip 0.26" x 2.9" 
TL5 — Micro Strip 0.50” x 1.2” 
L1 — #18 AWG Wire 0.750” Long = 
L2 — VK200 20/4B 1 nae 

B1 — Ferroxcube Bead, 56-590-65-3B 


FIGURE 23 — 470 MHz TEST CIRCUIT SCHEMATIC 


MOTOROLA RF DEVICE DATA 


2-96 


Vcc 
50 0 
Board — 0,062” Glass Teflon 


2 oz. Cu CLAD | 
€r on 2.55 


MOTOROLA | 


a SEMICONDUCTIOR eae 
TECHNICAL DATA 


2N6080 


The RF Line ae 
oe = 4.0 W — 175 MHz 
RF POWER 
TRANSISTOR 


NPN SILICON RF POWER TRANSISTOR ~ NPN SILICON 


... designed for 12.5 Volt VHF large-signal power amplifier applica- 
tions required in military and industrial equipment operating to 
300 MHz. 


® Specified 12.5 Volt, 175 MHz Characteristics — 
Output Power = 4.0 W 
Minimum Gain = 12 dB 
Efficiency = 50% . 
® Characterized with Series Equivalent Large-Signal Impedance 
Parameters 


SEATING 


8-32UNC-2A 
WRENCH FLAT 


STYLE 1: B 
PIN 1, EMITTER r 


2. BASE 
*MAXIMUM RATINGS 3. EMITTER 


4, COLLECTOR 
Tveeo | 8 [vee 
Gee NOTES: 
Collector-Base Voltage VcBo 1. DIMENSIONING AND TOLERANCING PER ANSI 


Y14.5M, 1982. 
2, CONTROLLING DIMENSION: INCH. 


Collector Current — Continuous 


Total Device Dissipation @ Tc = 25°C (2) MILLIMETERS INCHES 
Derate above 25°C , 


Storage Temperature Range 


*Indicates JEDEC Registered Data. 
(1) For repeated assembly use 5 in Ib. 


(2) These devices are designed for RF operation. The total device dissipation rating applies 
only when the devices are operated as RF amplifiers. 


0.083 | 0. 
35 | 0.098 | 0.132 


CASE 145A-09 


MOTOROLA RF DEVICE DATA 


2-97 


2N6080 


*ELECTRICAL CHARACTERISTICS =e = 25°C unless otherwise noted.) 


symbol | Min | typ | Max__| unit _| 


OFF CHARACTERISTICS 
Collector-Emitter Breakdown Voltage | V(BR)CEO 
(i¢ = 10 mAde, Ig = 0) 
Collector-Emitter Breakdown Voltage V(BR)CES 
({c¢ = 5.0 mAdc, Vege = 0) 
Emitter-Base Breakdown Voltage » V(BR)EBO 
(Ig = 1.0 mAdc, tc = 0) 
Collector Cutoff Current ICES mAdc 
(Vce = 15 Vdc, Vee = 0, Tc = +55°C) 
Collector Cutoff Current | . 
(Vcp = 15 Vdc, ig = 0) 


ON CHARACTERISTICS 


DC Current Gain 
(I¢ = 0.25 Adc, Vcg = 5.0 Vdc) 


DYNAMIC CHARACTERISTICS 


Output Capacitance. . 
(Vcpg = 15 Vdc, Ie = O, f = 0.1 MHz) 


FUNCTIONAL TEST 


Common-Emitter Amplifier Power Gain 
(Pout = 4.0 W, Voc= 12.5 Vdc, f = 175 MHz) 


Collector Efficiency 
(Pout = 4.0 W, Voc = 12.5 Vde, f - 175 MHz) 


*Indicates JEDEC Registered Data. 


FIGURE 1 — 175 MHz TEST CIRCUIT 


C1,C6 5.0-80 pF, ARCO 462 or equivalent 

C2,C5 9.0-180 pF, ARCO 463 
C3 7.0 pF 
L125 nH,.1 Turn #18 AWG, 1/4” Length, 1/4” 1.0. 
{2 Ferrite Choke VK-200 20/48 Ferroxcube 
L3 150 nH, 8 Turns #18 AWG, 3/4” Length, 3/16" 1.0. 
L430 nH, 1-1/2 Turns, #18 AWG, 1/4” Length, 1/4" 1.D. 
R1 330 Ohms 


+ 


12.5 Vde 


L1 
RF INPUT 


- MOTOROLA RF DEVICE DATA 
2-98 


2N6080 


FIGURE 2 — OUTPUT POWER versus INPUT POWER 


EET 
LEELA 


Pout, OUTPUT POWER (WATTS) 


Pin, INPUT POWER (WATTS) 


FIGURE 4 — OUTPUT POWER versus SUPPLY VOLTAGE 
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Pout. OUTPUT POWER (WATTS) 


Voc, SUPPLY VOLTAGE (VOLTS) 


FIGURE 3 —- OUTPUT POWER versus FREQUENCY 
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f, FREQUENCY (MHz) 


FIGURE 5 — SERIES EQUIVALENT IMPEDANCE | 
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*ZOL = Conjugate of the optimum load impedance into which the device output 
operates at a given output power, voltage and frequency. 


a 
SaaS ge eects 
. 
or 
. 


a 
Blt LT ALT ATK 
grees sa taste 


MOTOROLA RF DEVICE DATA 


2-99 


MOTOROLA 
ss SEMICONDUCTOR EE | 
TECHNICAL DATA . 2N6081 


MRF221 


The RF Line 
, 15 W — 175 MHz 


RF POWER 
TRANSISTORS 


NPN SILICON 


NPN SILICON RF POWER TRANSISTORS 


. . . designed for 12.5 Volt VHF large-signal power amplifier applica- 
tions required in commercial and industrial equipment operating to 
300 MHz. 


2N6081 


MILLIMETERS | INCHES 
MIN [ MAX [| MIN | MAX 
0370 | 0.385 
0.320 | 0.330_| 
0.670 | 0.790 
0.215 | 0.235 
0.070 | — 
0,003 | 0.007 
0.490 | — 
76 | 0055 | 0070 

45° NOM 
t 


g 
= 


U) 


@ Specified 12.5 Volt, 175 MHz Characteristics — 
. Output Power = 15 W 
Minimum Gain = 6.3 dB 
_ Efficiency = 60% 
@ Characterized with Series Equivalent Large-Signal Impedance 
Parameters _ . 


oz 0.050 
0.299 | 0.307 
0.158 | 0.178 
0.083_| 0.100 
0.098 | 0.132 


NOTES: 
1. DIMENSIONING AND TOLERANCING PER ANSI 
Y14.5M, 1982. 
2. CONTROLLING DIMENSION: INCH. 


Cla) [3/7 /S [rx lmMiolo|al> 


rs SEATING 
cae 


PLANE 


B-3ZUNC-2A _ 
WRENCH FLAT 


STYLE 1 
PIN 1. EMITTER 
2. BASE 
3. EMITTER 
4, COLLECTOR 


CASE 1454-09 


*MAXIMUM RATINGS MRF221 


| VcEO | 
Ic 


MILLIMETERS 


dc 
oC 


NOTES: 
1. DIMENSIONING AND TOLERANCING PER 
ANS! Y¥14.5M, 1982, 
2. CONTROLLING DIMENSION: INCH. 


V 
V 
V 
ce 
Total Device Dissipation @ Tc = 25°C (1) 

Derate above 25°C mw /PC 
ae al 


*Indicates JEDEC Registered Data for 2N6081. 


(1) These devices are designed for RF operation. The total device dissipation rating applies 
only when the devices are operated as RF amplifiers. 
(2) For repeated assembly use 5 in. Ib. 


STYLE 1: 
PIN 1. EMITTER 
2. BASE 
3. EMITTER 
4. COLLECTOR 


CASE 211-07 


MOTOROLA RF DEVICE DATA 


2-100 


2N6081, MRF221 


*ELECTRICAL CHARACTERISTICS (T¢ = 25°C unless otherwise noted.) 


Sym ee ee 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage V(BR)CEO 
(I¢ = 20 mAdc, Ig = 0) 


Collector-Emitter Breakdown Voltage __ V(BR)CES 


(I¢ = 10 mAdc, Vege = 0) 


Emitter-Base Breakdown Voltage . V(BR)EBO | 
- (ig = 2.0 mAdc, Ic = 0) 
Collector Cutoff Current 


(VcE = 15 Vde, Veg = 0, Tc = +55°C) 


Collector Cutoff Current 
(Vcg = 15 Vdc, Ie = 0) 


ON CHARACTERISTICS 


DC Current Gain hFE 
(Ic = 0.5 Adc, Vcg = 5.0 Vdc) 
DYNAMIC CHARACTERISTICS . ; 


Output Capacitance 
(Vcg = 15 Vdc, Ie = 0, f = 0.1 MHz) 


FUNCTIONAL TEST 


Common-Emitter Amplifier Power Gain 
(Pout = 15 W, Voc = 12.5 Vde, f = 175 MHz) 


Collector Efficiency 
(Pout = 15 W, Voc = 12.5 Vdc, f = 175 MHz) 


*Indicates JEDEC Registered Data for 2N6081. 


FIGURE 1 — 175 MHz TEST CIRCUIT 


+ 


1000 12.5 Vde 
pF 
SHIELD RF 
! OUTPUT 
RF 
INPUT 
C1,2,3,4 5.080 pF ARCO 462 = 12 1Turn, #14 AWG, 3/8” 1D, Length Plus Leads = 1” 
L1 Straight Wire, #14 AWG, RFC VK200-20/4B, FERROXCUBE. 
1-3/8” Long 


MOTOROLA RF DEVICE DATA 
2-101 


2N6081, MRF221 


FIGURE 2 — OUTPUT POWER versus INPUT POWER FIGURE 3 — OUTPUT POWER versus FREQUENCY 
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Pin, INPUT POWER (WATTS) f, FREQUENCY (MHz) 
FIGURE 4 — OUTPUT POWER versus SUPPLY VOLTAGE FIGURE 5 — SERIES EQUIVALENT IMPEDANCE 


REFLECT ION COEFFICIENT 
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*ZOL = Conjugate of the optimum load impedance into which the device output 
operates at a given output power, voltage and frequency. 


MOTOROLA RF DEVICE DATA 
2-102 


- MOTOROLA 
m= SEMICONDUCTOR 
- TECHNICAL DATA 


2N6082 


The RF Line 
, 25 W — 175 MHz 
RF POWER 
TRANSISTOR 

NPN SILICON 


NPN SILICON RF POWER TRANSISTORS 


di designed for 12.5 Volt VHF targe-signal amplifier applications 
required in commercial and industrial equipment operating to 
300 MHz. 


@ Specified 12.5 Volt, 175 MHz Characteristics —. 


Output Power = 25 W 
Minimum Gain = 6.2 dB 
Efficiency = 65% | 


SEATING 


8-32UNC-2A 
WRENCH FLAT 


| STYLE 1: B 
PIN 1, EMITTER 


*MAXIMUM RATINGS 3 : spas : 


Rating 4, COLLECTOR 
Collector-Emitter Voltage 


Collector-Base Voltage Ps e NOTES: ; 
CBO de__| I iM eRSONIIGINS LENE RERINS 
Emitter-Base Voltage VEBO a Y14.5M, 1982. . 
2. CONTROLLING DIMENSION: INCH. 


Collector Current — Continuous 


Total Device Dissipation @ Tc = 25°C(2) 
Derate above 25°C 


MILLIMETERS | INCHES | 
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go co 
GO | ~~ 
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*Indicates JEDEC Registered Data for 2N6082. 
(1)For Repeated Assembly Use 5 in. Ib. 
(2) These devices are designed for RF operation. The total device dissipation rating applies 
only when the devices are operated as RF amplifiers. 
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3.35 | 0.098 | 0.132 | 


CASE 145A-09 


| MOTOROLA RF DEVICE DATA 


2-103 


2N6082 


"ELECTRICAL CHARACTERISTICS (T= 25°C unless otherwise idtodl 


a a co 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage V(BR)CEO 
(I¢ = 100 mAdc, !g = 0) 

Collector-Emitter Breakdown Voltage V(BR)CES 
(tc = 15 mAdc, Vee = 0) 


Emitter-Base Breakdown Voltage = ViERIEDO™: 
(Ie = 5.0 mAdc, Ic = 0) . Z 


{Collector Cutoff Current 
(Voce = 15 Vde, Vee = 0, Tc = +55°C 


ON CHARACTERISTICS 


|OC Current Gain 
(Ic = 1.0 Adc, Vcg = 5.0 Vdc) 


DYNAMIC CHARACTERISTICS 


Output Capacitance 
(Veg = 15 Vdc, te = 0, f = 0.1 MHz) 


FUNCTIONAL TEST 


Common-E mitter Amplifier Power Gain 
(Pout = 25 W. Voc = 12.5 Vde, f = 175 MHz) 


Collector Efficiency 
(Pout = 25 W, Voc = 12.5 Vdc, f = 175 MHz) 


*Indicates JEDEC Registered Data for 2N6082. 


FIGURE 1 — 175 MHz TEST CIRCUIT 


+12.5 Vde 


C1,2,3,4 5.0-80 pF ARCO 462 L2. 1 Turn, #14 AWG, 3/8” ID, Length Plus Leads = 1” 
L1 Straight Wire, #14 AWG, 1-3/8" Long RFC VK200-20/48, FERROXCUBE. 


MOTOROLA RE DEVICE DATA 


2-104 


2N6082 


FIGURE 2 — OUTPUT POWER versus INPUT POWER | _ FIGURE 3 — OUTPUT POWER versus SUPPLY VOLTAGE 
: : 40 , 
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Pin, INPUT POWER (WATTS) . Vcc, SUPPLY VOLTAGE (VOLTS) 


FIGURE 4 — SERIES EQUIVALENT IMPEDANCE 
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*ZoL = Conjugate of the optimum load impedance into which the device output 


operates at a given output power, voltage and frequency. 


| MOTOROLA RF DEVICE DATA 
2-105 


MOTOROLA 
Pee SEMICONDUCTOR Pe es yd eee esl te | 


TECHNICAL DATA ; 
— 2N6083 


The RF Line 


30 W — 175 MHz 
RF POWER 

_ TRANSISTOR 
NPN SILICON . 


NPN SILICON RF POWER TRANSISTORS 


. . . designed for 12.5 Volt VHF large-signal amplifier applications 
required in commercial and industrial equipment operating to 
300 MHz. 


@ Specified 12.5 Volt, 175 MHz Characteristics — | 
Output Power = 30 W fae 
Minimum Gain = 5.7 dB 
Efficiency = 65% 


PIN 1. EMITTER 
2. BASE 
-3. EMITTER 
4. COLLECTOR 


*MAXIMUM RATINGS 


Symbol 
Collector-Emitter Voltage 
Collector-Base Voltage 


Emitter-Base Voltage 


NOTES: . 
1. DIMENSIONING AND TOLERANCING PER ANSI 
Y14.5M, 1982, 
2. CONTROLLING DIMENSION: INCH. 
Collector Current — Continuous 
Total Device Dissipation @ Tc = 25°C(2) 


Derate above 25°C 
Storage Temperature Range 
Stud Torque(1) 


*indicates JEDEC Registered Data for 2N6083. 
(1)For Repeated Assembly Use 5 in. Ib. 
(2)T hese devices are designed for RF operation. The total device dissipation rating applies 
only when the devices are operated as RF amplifiers. 


MILLIMETERS | INCHES 
|_MIN | 


| MAX | MIN | MAX | 
| A | 940 | 9.78 | 0.370 | 0.385 | 
| B | 813 | 838 | 0.320 | 
| ¢ | 17.02 | 20.07 | 0.670 | 0.790 
| 5.97 | 0.215 | 0.235 | 


CASE 145A-09 


MOTOROLA RF DEVICE DATA 


2-106 


2N6083 


*ELECTRICAL CHARAC TENS UC: (To = 25°C unless otherwise noted.) 


OFF CHARACTERISTICS. 
| Collector-E mitter Breakdown Voltage ~— | ease Vdc 
(Ig = 100 mAdc, Ig = 0) | 
V(BR)EBO _ 


| Collector-E mitter Breakdown Voltage 
(ic = 15 mAdc, Veg = 0) 
| Emitter-Base Breakdown Voltage 
. (le = 5.0mAdc, I¢ = 0) 
Collector Cutoff Current 
(VcE = 15 Vde, Vee = 0, To= - 455°C) 
| Collector Cutoff Current -- - 
(Vcp = 15 Vdc, Ie = 0) 
ON CHARACTERISTICS 
|DC Current Gain — 
| (Ig = 1.0 Adc, Vcg = 5.0 Vdc) 

DYNAMIC CHARACTERISTICS 

Output Capacitance | 

(Vg = 15 Vdc, IE = 0, f= 0.1 MHz). 

FUNCTIONAL TEST 

| Common-E mitter Amplifier Power Gain —_ 
(Pout = 30 W, Vcc = 12.5 Vde, f = 175 MHz) 


Collector Efficiency 
(Pout = 30 W, Vcc = 12. 5 Vde, £=175 MHz) 


* Indicates JEDEC Registered Data for 2N6083. 


_ FIGURE 1 — 175 MHz TEST CIRCUIT 


+12.5 Vde 


= €1,2,3,4 5.080 pF ARCO 462 L2 1 Turn, #14 AWG, 3/8” 1D, Length Plus-Leads = 1” 
L1 Straight Wire, #14 AWG, 1-3/8" Long RFC VK200-20/48, FERROXCUBE. 
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2N6083 


FIGURE 2 — OUTPUT POWER versus INPUT POWER FIGURE 3 — OUTPUT POWER versus SUPPLY VOLTAGE 


Pout, QUTPUT POWER (WATTS) | 
Pout, QUTPUT POWER (WATTS) 
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Pin, INPUT POWER (WATTS) Vcc, SUPPLY VOLTAGE (VOLTS) 


FIGURE 4 — SERIES EQUIVALENT IMPEDANCE 


0. 
FLECTION COEFFICIENT Tao 
REES 


att +P Zin TS 
EECA eta 180 ti ST 


LNSNOGWOD JONVLSIS3Y TTT 
nar 
se 

H 
] 


: 1.15 +1.87 
ACE =— eat PEE H TA EOD 
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operates at a given output power, voltage and frequency. 
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MOTOROLA 
Pe SEMICONDUCTOR ieee i 
TECHNICAL DATA — 


NPN SILICON RF POWER TRANSISTORS 


_ designed for 12.5 Volt VHF large-signal amplifier applications 
required in commercial and Industrial equipment operating to 
300 MHz. : 


® Specified 12.5 Volt, 175 MHz Characteristics — 
Output Power = 40 W 
Minimum Gain = 4.5 dB 
Efficiency = 70% 


*MAXIMUM RATINGS 
Rating» 


Collector Current — Continuous 


Total Device Dissipation @ Tc = 25°C(2) 
| Derate above 25°C 


| Storage Temperature Range — Tst¢ 
Stud Torque(1) i 


*|Indicates JEDEC Registered Data for 2N6084. 
(1)For Repeated Assembly Use 5 in. Ib. 
| (2)These devices are designed for RF operation. The total device dissipation rating applies 
only when the devices are operated as RF amplifiers. 
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2N6084 
MRF224 


40 W — 175 MHz 
‘RF POWER 
TRANSISTORS 


NPN SILICON. 


2N6084 


STYLE 1: i 
PIN 1. EMITTER 
2. BASE 
3. EMITTER 
4, COLLECTOR 


CASE 145A-09 


MRF 224 


STYLE 1: : 
PIN 1. EMITTER 


4, COLLECTOR © 


CASE 211-07 


1. DIMENSIONING AND TOLERANCING PER ANSI 
Y14.5M, 1982. 
2. CONTROLLING DIMENSION: INCH. 


NOTES: 
1. DIMENSIONING AND TOLERANCING PER 
ANSI Y14.5M, 1982 
2. CONTROLLING DIMENSION: INCH. 


“T_ MILLIMETERS 


18.54 0.720 | 0.730 


2N6084, MRF224 


*ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted). 


[SSSSCharacterntic «dS mbt] 


OFF CHARACTERISTICS. . 
Collector-E mitter Breakdown Voltage | ae 
(l¢ = 100 mAdc, Ig = 0) 
-| Collector-E mitter Breakdown Voltage | os 
(Ic = 20 mAdc, VgeE = 0) - 
(le = 10 mAdc, Ic = 0) 
Collector Cutoff Current ee Ae 
(Vce = 15 Vdc, Vee = 0, Te = +55°C) . 
[Collector Cutoff Current ) 
(Vcp = 15 Vdc, Ie = 0) 


“ON CHARACTERISTICS 


DC Current Gain 
(Ic = 1.0 Adc, Vcg = 5.0 Vdc) 


DYNAMIC CHARACTERISTICS 
Output Capacitance 

(Vcp = 15 Vdc, Ig = 0, f = 0.1 MHz) 
FUNCTIONAL TEST 


Common-Emitter Amplifier Power Gain 
(Pout = 40 W, Voc = 12.5 Vde, f = 175 MHz) 


Collector Efficiency 
(Pout = 40 W, Vcc = 12.5 Vde, f = 175 MHz) 


*tndicates JEDEC Registered Data for 2N6084. 


FIGURE 1 — 175 MHz TEST CIRCUIT 


+12.5 Vde 


RF 
OUTPUT 


C1,2,3,4 5.0-80 pF ARCO 462 - L2 1 Turn, #14 AWG, 3/8” 1D, Length Plus Leads = " 
L1 Straight Wire, #14 AWG, 1-3/8" Long RFC “VK200-20/48, FERROXCUBE. 
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2N6084, MRF224 


FIGURE 2 — OUTPUT POWER versus INPUT POWER FIGURE 3 — OUTPUT POWER versus SUPPLY VOLTAGE 
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FIGURE 4 — SERIES EQUIVALENT IMPEDANCE 
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- *Zo1, = Conjugate of the optimum load impedance into which the device output 
operates at a given output power, voltage and frequency. - 
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MOTOROLA | 
= SEMICONDUCTOR se | 
TECHNICAL DATA _ | 2NG166 


| 100 WATTS — 150 MHz 


RF POWER | 
NPN SILICON RF POWER TRANSISTOR _ TRANSISTOR 
| NPN SILICON 


... designed for VHF power amplifier applications in military and in- 
dustrial equipment. Particularly suited for use in Class AB, B, or C 
amplifier applications to 200 MHz 


® Specified 28-Volt, 150-MHz Characteristics — 
Output Power = 100 Watts 
Minimum Gain = 6.0 dB 
Efficiency = 60% 


® Specified 13.5-Volt, 150 MHz Characteristics — 
Output Power = 30 Watts Oo 
Minimum Gain = 4.5 dB 


@ Parallel |!mpedance Characterization 


*MAXIMUM RATINGS 


Collector-Emitter Voltage VcEO 35 0° 


— : : PIN 1, EMITTER 
. 2. BASE 
_ Emitter-Base Voltage VEBO 
Collector Current — Continuous 


Total Device Dissipation @ Tc = 25°C (1) 117 Watts 
Derate above 25°C | 0.667 w/°c 
Storage Temperature Range Tstg —65 to +150 


THERMAL CHARACTERISTICS On 


“Indicates JEDEC Registered Data. 


Collector-Base Voltage VCBO | SC dc 
: 4. COLLECTOR 
[30 [Ade } 
NOTES: 
1. DIMENSIONING AND TOLERANCING PER 
ANSI ¥14.5M, 1982. 


2. CONTROLLING DIMENSION: INCH. 


- MILLIMETERS | INCHES | 
| A | 2439 | 2514 | 0.960 | 0.990 | 
| 12.95 | 0.465 | 0.510 | 


| (1) This device is designed for RF operation. The total device dissipation rating applies] 
only when the device is operated as an RF amplifier. 


CASE 211-10 


MOTOROLA RF DEVICE DATA 
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2N6166 


*ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 


Symbol ae a a 


OFF CHARACTERISTICS 


Vieneao 


Collector-Emitter Breakdown Voltage 
(Ic = 200 mAdc, Ip = 0) 
Collector-Emitter Breakdown Voltage 
_ (lg = 200 mAdc, Vee = 0) 
'|Emitter-Base Breakdown Voltage 
| (IE = 10 mAdc, Ic = 0) 
Collector Cutoff Current 
(VcE = 30 Vdc, Vee = 0, Tc = 55°C) 


Collector Cutoff Current 
(VcoB = 30 Vde, !E = 0) 


ON CHARACTERISTICS 


DC Current Gain 


(I¢ = 500 mAdc, VcgE = 5.0 Vdc) . 
DYNAMIC CHARACTERISTICS 


Output Capacitance 
(Vcp = 28 Vdc, Ie = 0, f = 1.0 MHz) 


FUNCTIONAL TEST | 


Common-Emitter Amplifier Power Gain 


(P out = 100 W, Vcc = 28 Vdc, 

Ic (Max) = 5.95 Ade, f = 150 MHz) 
Common-Emitter Amplifier Power Gain 

(Pout = 30 W, Vcc = 13.5. V, f = 150 MHz) 
Collector Efficiency. 

(P out = 100 W, Vcc = 28 Vdc, 

Ic (Max) = 5.95 Adc, f = 150 MHz) 


*Indicates JEDEC Registered Data. 


FIGURE 1 — 150 MHz TEST CIRCUIT 


INPUT 


ae LT 1%" #16 AWG, Straight 


: L2 #16 AWG ao DIA 
C1, C6 2.7-30-pF, Arco 461 or Equivalent “| | 


C2,C5 9.0-180 pF, Arco 463 or Equivalent 

C3 100 pF Underwood — ee | yt | 
C4 25 pF Underwood © 

C7 0.01 uF Ceramic Disc L3 1/8” Wide Copper Strap 


C8 0.1 pF Ceramic Disc 


ert. 4 
C9 2400 pF Button a ( YO DIA % 
C10 5.0 wF/50 V : 
RFC 0.15 wH J. W. Miller 
BEAD: FERROXCUBE 56-590-65-3B oe A || A" — 
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OUTPUT POWER versus FREQUENCY 


2N6166 
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FIGURE 3 — Vcc = 13.5 Vde 
Vcc, SUPPLY VOLTAGE (VOLTS) 
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versus FREQUENCY 


FIGURE 6 — PARALLEL EQUIVALENT INPUT RESISTANCE 
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2N6166 


FIGURE 7 — PARALLEL EQUIVALENT INPUT CAPACITANCE . 
versus FREQUENCY 
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FIGURE 8 — PARALLEL EQUIVALENT OUTPUT CAPACITANCE 


versus FREQUENCY 
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MOTOROLA RF DEVICE DATA 
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MOTOROLA 


ge SEMICONDUCTOR @=am 
TECHNICAL DATA 


2N6304 


2N6305 


: The RF Line _ 7 


NPN SILICON HIGH-FREQUENCY TRANSISTORS 


1.4 GHz @ 10 mAdc — 2N6304 
1.2 GHz @ 10 mAdc — 2N6305 


HIGH FREQUENCY 
TRANSISTORS 


.. designed for use as low-noise, high-gain, general-purpose amplifiers. NPN SILICON 


High Current-Gain — Bandwidth Product — 
fT = 1.4 GHz (Min) @ Ic = 10 mAdc — 2N6304 
= 1.2 GHz (Min) @ Ic = 10 mAdc — 2N6305 


Low Noise Figure— 
NF = 4.5 dB (Max) @ f = 450 MHz — 2N6304 
= 5:5 dB (Max) @ f = 450 MHz — 2N6305 


High Power Gain — : 
Gpe = 15 dB (Min) @ f = 450 MHz — 2N6304 
= 12 dB (Min) @ f = 450 MHz — 2N6305 


*MAXIMUM RATINGS 


Collector-Emitter Voltage VcEO - 
1.0 to 20 mAdc . 


Collector-Base Voltage VcBO 
Emitter-Base Voltage VEBO Vde 


Total Continuous Device Dissipation 
@Tap = 25°C 
Derate above 25°C 


*Indicates JEDEC Registered Data. 


FIGURE 1 — TEST CIRCUIT FOR NOISE FIGURE AND POWER GAIN 


STYLE 10: 
PIN 1. EMITTER 
2. BASE 
3. COLLECTOR 
4, CASE 


NOTE: ALL RULES AND NOTES ASSOCIATED WITH TO-72 
OUTLINE SHALL APPLY. 


ac 500 


Capacitance values in pF b Ver = -7.8 Vie 


Lt, L2 — Silver-plated brass rod, 1-1/2" long and 1/4” dia. Install (C) Apply Veg, and with signal generator adjusted for 5 mV 
at least 1/2” from nearest vertical chassis surface. output from amplifier, tune C1, C3, and C4 for 
L3 — 1/2 turn #16 AWG wire, located 1/4” from and maximum output. 
parallel to L2. (0) Interchange connections to signal generator and 


* — External interlead shield to isolate collector lead from RF voltmeter. 

emitter and base leads. (E} With sufficient signal applied to output terminals of 
amplifier, adjust C2 for minimum indication at input. 
Repeat steps (A), (B), and (C) to determine if retuning 
is necessary. 


Neutralization Procedure: 
(A) Connect 450-MHz signal generator (with Rg=5Oohms) —(F) 
to input terminals of amplifier. 
(B) Connect 50-ohm RF voltmeter across output terminals 
of amplifier. 


CASE 20-03 
TO-206AF 
(TO-72) 
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2N6304, 2N6305 


“ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) 


.. .. Characteristic | 


OFF CHARACTERISTICS _ 
Collector-Emitter Breakdown Voltage | 
(Ic = 5.0 mAdc, Ig = 0) . 
Collector-Base Breakdown Voltage 
- (I¢ = 0.1 mAdc, Ie = 0) ~s 
Emitter-Base Breakdown Voltage 
(ig =0.1 mAdc, Ic = 0) 
Collector Cutoff Current 
(Vcg =5.0 Vdc, Ie = 0) 


ON CHARACTERISTICS 
| DC Current Gain ‘ ee 
(Ic = 2.0 mAdc, Vc_E = 5.0 Vdc) 


DYNAMIC CHARACTERISTICS 


Current-Gain—Bandwidth Product 2N6304 
(I¢ = 10 mAdc, Veg - 5.0 Vdc, f.- 100 MHz) 2N6305 


Collector-Base Capacitance ey 

(Vcp = 10 Vdc, Ie =0,f = 1.0 MHz) © 
Smail-Signal Current Gain eee 

(I¢ = 2.0 mAdc, VcgE = 5.0 Vdc, f = 1.0 kHz) 


Collector-Base Time Constant | : 2N6304 
(Ig = 2.0 mAdc, Veg = 5.0 Vdc, f = 31.8 MHz) 2N6305 


Noise Figure 
(I¢ = 2.0 mAdc, VcE = 5.0 Vde, Rg = 50 ohms, 

f = 450 MHz) . 2N6304 

(Figure 1) 2N6305 | 


FUNCTIONAL TEST 


| Common-Emitter Amplifier Power Gain 


(Ic = 2.0 mAdc, Vcg = 5.0 Ve, f = 450 MHz) 2N6304 
Figure 1) | | 2N6305 


*iIndicates JEDEC R egistered Data. 


FIGURE 2 — COLLECTOR-BASE CAPACITANCE 
versus COLLECTOR BASE VOLTAGE 
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FIGURE 4 — COLLECTOR-BASE TIME 
CONSTANT versus EMITTER CURRENT 


FIGURE 3 — CURRENT-GAIN-BANDWIDTH 
PRODUCT versus COLLECTOR CURRENT 


2N6304, 2N6305 
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2N6304, 2N6305 — 


FIGURE 9 — S41, INPUT REFLECTION FIGURE 10 — S99, OUTPUT REFLECTION 
COEFFICIENT COEFFICIENT 
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2N6304, 2N6305 


, (INPUT REFLECTION COEFFICIENT AND S 


FIGURE 13 — 


22° 
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OUTPUT REFLECTION COEFFICIENT 
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MOTOROLA 
Ere SEMICONDUCTOR ONE 
TECHNICAL DATA 


The RF Line 


NPN SILICON RF POWER TRANSISTOR 


.. designed primarily for wideband large-signal output amplifier 

stages in the 225-400 MHz frequency range. : 

@ Guaranteed Performance in 225—400 MHz Broadband Amplifier 
@ 28 Vdc 


Output Power = 60 Watts over 225—400 MHz Band — 
Minimum Gain = 7. 8 dB @ 400 MHz 


® Built-In Matching Network for Broadband Operation ne 
Double Match Technique 


®@ 100% Tested for Load Mismatch at all Phase pnd 
with 30:1 VSWR 


®@ Gold Metallization System for High Reliability Apolications 


*MAXIMUM RATINGS 


Collector-Emitter Voltage VCcEO os 
Collector-Base Voltage VcBO | 60 


Emitter-Base Voitage | VEBO 
Storage Temperature Range | -65 to +200 


THERMAL CHARACTERISTICS 


Symbol_ 


Thermal Resistance, Junction to Case Raejc de 02d c/w 


(1) These devices are designed for RF operation. The total device. dissipation rating applies 
only when the devices are operated as RF amplifiers. 
* Indicates JEDEC Registered Data. 


MOTOROLA RF DEVICE DATA 


2-121 


Total Device Dissipation @ Tc = 25°C (1) 146 Watts 
Derate above 25°C 0.83 we 


2NG439 


60 W — 225-400 MHz 
CONTROLLED “0” 


BROADBAND RF POWER. 


TRANSISTOR 
‘NPN SILICON | 


PIN 1. EMITTER 
2, COLLECTOR 
3, EMITTER 
4, BASE 


NOTE: 
FLANGE iS ISOLATED IN ALL STYLES. 


[ MAX | MIN | MAX | 
| A | 2438 | 2514 | 0960 | 0.990 
| B | 1245 | 12.95. | 0.490 | 


CASE 316-01 


2N6439 


*ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise note 


Characteristics 


OFF. CHARACTERISTICS 
<== 
(I¢ = 50 mAdc, Ip = 0) 
Collector-Emitter Breakdown Voltage cece Meal Ee i cee 
(Ic = 50 mAdc, VgeE =0) ‘ 7 . 
(le = 5.0 mMAdc, Ico = 0) 
Wi et Ses ial eal 


Collector Cutoff Current 
(Vcp = 30 Vdc, IE = 0) 
ON CHARACTERISTICS 
| DC Current Gain oa 

(I¢ = 1.0 Adc, VcE = 5.0 Vdc) 
DYNAMIC CHARACTERISTICS 
Output Capacitance 
(VcB = 28 Vdc, Ig = 0, f = 1.0 MHz) 
~ BROADBAND FUNCTIONAL TESTS (Figure 6) 


~Common-Emitter Amplifier Power Gain 
(Voc = 28 Vdc, Poyt = 60 W, f = 225-400 MHz) 
Electrical Ruggedness © 
(Pout = 60 W, Voc = 28 Vdc, f = 400 MHz, VSWR 30:1 
all phase angles) 


NARROW BAND FUNCTIONAL TESTS (Figure 1) 


Common-Emitter Amplifier Power Gain 
(Voc = 28 Ve, Pour = 60 W, f = 400 MHZ) 
Collector Efficiency 
(Vcc = 28 Vdc, Pout = 60 W, f = 400 MHz) » 


* Indicates JEDEC Registered Data. 


FIGURE 1 — 400 MHz TEST AMPLIFIER (NARROW BAND) 
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. C5 _ 
C1 | ut (i 
e |  ] } ie ANC c3 C1—C4,C11 4—40 pF. 
cortege” 4 ON T ies 2a eeoee aoe 
ay, 2218 —~ C6 ; = cg 1000 pF 
ne ed ir a — oT 5.0 uF. 
_L > ee | R1 15.2 - 
7 : ‘ =. todd L1, L2 3/16"’ x 1’ Copper Strap 
a = bas, L3 1.5 aH 
io 2k eke ae 10H a: 
R1 L4 L5 1 Turn #16 AWG, 5/16" |.D. 
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NARROW BAND DATA 


FIGURE 3 — OUTPUT POWER versus INPUT POWER 


FIGURE 2 — Pout versus FREQUENCY 
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FIGURE 4 — POWER-GAIN versus FREQUENCY. 


' FIGURE 5 — OUTPUT POWER versus SUPPLY VOLTAGE 


CoH. 
eh AAG 


(aP) NIVD H3MOd 
HaldI dW Y3LLIWS-NOWWOS ‘3dg 


f, ee ENCY ee 


Voc, SUPPLY ee (VOLTS) 


FIGURE 6 — OUTPUT POWER versus s SUPPLY VOLTAGE 
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FIGURE 7 — 225-400 MHz BROADBAND TEST CIRCUIT SCHEMATIC 


R1 


Board Material 0.031" Thick. Teflon-F jberglass 


C1 : 68 pF RFC1 Ferrite Bead Choke, Ferroxcube VK200 19/4B 

C2,C4,C8,C10 27 pF B Ferroxcube 56-590-65/4B Ferrite Bead 

C3, C5, C11 10 pF T1, T2 25 Ohms (UT25) Miniature Coaxial Cable, 1 turn 
. C6, C7 51 pF BS. es R1 —112,1W . 

cg 1—10 pF JOHANSON R2 20 £2,1/4 W 

C12 100 pF ‘1 10 Turns, #22 AWG, 1/8” |.D. 

C13, C15 680 pF ' L2 4 Turns, #16 AWG, 1/4” |.D. 

C14, C16 1.0 uF, 35 V Tantalum L3 6 Turns, #24 AWG, 1/8” [.D.' 
' C17 0.1 BF, ERIE Red Cap L4,L5 1° x 0.25” Microstrip Line 

BROADBAND DATA (Circuit, Figure 7) 
FIGURE 8 — POWER GAIN versus FREQUENCY FIGURE 9 — EFFICIENCY versus FREQUENCY 


al 
3 ecu 
: g a ie 
oO > ce 
: : ee a 
S 2 or a 
3 i ee Walon ee en 
: al le lee eden 
[Fae a is er es ee 
a ee a ee ee ee 
; 200 250 300 350 400 
f, FREQUENCY (MHz) . . . . f, FREQUENCY (MHz) 
FIGURE 10 — INPUT VSWR versus FREQUENCY FIGURE 11 — SERIES EQUIVALENT INPUT-OUTPUT IMPEDANCE 


EFLEGTION COEFFICIENT 


225 


INPUT VSWR 


0.7 +j1.6| 2.2 -j1.8 
0.9 + j2.2|2.1 - j0.9 


into which the device output operates at a 2.2+)j2.1|2.1~j0.1 


given output power, voltage and frequency. 


SSS EEE 


f, FREQUENCY (MHz) 
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MOTOROLA | | | 
= SEMICONDUCTOR ayy | 
TECHNICAL DATA oo a: 


--2NG6603 


NF = 2.0dB @ 1.0GHz - 
HIGH FREQUENCY 
TRANSISTOR 
5 a » fe x . NPN SILICON 
NPN SILICON HIGH FREQUENCY TRANSISTOR =, 
.,.. designed for use in high-gain, low-noise, small signal, narrow and wideband 
‘amplifiers. Ideal for use in microstrip thin and thick film applications. 


@ Low Noise Figure — . 
NF = 2.0 dB (Typ) @f = 1.0 GHz 
- = 2.9dB (Typ) @f = 2.0 GHz 


~@ High Power Gain— 
MAG = 17 dB (Typ) @ f = 1.0 GHz 
= 11 dB (Typ) @ f = 2.0 GHz 


- ® lon Implantation and Gold Metallization 
® Metal/Ceramic Hermetic Package | 
@ JAN, JTX, JTXV Available 


*MAXIMUM RATINGS (T, = 25°C Free Air Temperature) 


Coilector Current—Continuous 
Total Device Dissipation @ Tc = 125°C 
STYLE 1: 
r fey 
Derate Above 100°C PIN 1. COLLECTOR 
2. EMITTER 


3. BASE ° 
*Indicates JEDEC Registered Data . : 4. EMITTER 


NOTE: be a 
1. DIMENSION “K” APPLIES TO ALL LEADS. 
2. DIRECTION OF 45° CUT ON PIN 1 IS VENDOR 

OPTION. 


Specification and Package Options 


Devices using the same die type as the 2N6603: 
MRF901 — 4 Lead Plastic Macro-T Case 302-01 
MRF902 — 100 mil Metal/Ceramic Case 303-01 
MRF904 . — TO-72 
MMBRQO1 — MiniBloc Plastic (SOT-23) TO-236 | = 
MRFC901 — Unencapsulated Chip a CASE 303-01 


MOTOROLA RF DEVICE DATA 
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ELECTRICAL CHARACTERISTICS eb Se 25°C unless otherwise noted) 


Ree EE EO eH ae 


*OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage hae ee ee ee 
(I¢ = 1.0 mAdc, Ig = 0) 
| Collector-Base Breakdown Voltage al ale 
lig = =0.1 mAdc, Ig =0) 
(le = 0.1 mAdc, Ic = 0) 


Collector Cutoff Current 
(VcB= 45 Vde, Ig = =0) 
*ON CHARACTERISTICS 


DC Current Gain 
(I¢ = 15 mAdc, Vcg = 10 Vde) 


*DYNAMIC CHARACTERISTICS 


Collector-Base Capacitance (1) 
(Vop = 10 Vde, Ig = 0,0.1 MHz < f< 1.0 MHz) 


*FUNCTIONAL TEST 


Common-Emitter Amplifier Power Gain 
(VcE = 10 Vdc, Ico = 15 mA, f = 1.0 GHz—Figure 2) 


Spot Noise Figure (Rg = Optimum—Figure 2) 
(VcE = 10 Vdc, Ic = 5.0 mA, f = 1.0 GHz) 


Power Gain at Optimum Noise Figure 
(Veg = 10 Vdc, Ic = 5.0 mA, f = 1.0 GHz) 


TYPICAL 2 GHz PERFORMANCE 


Maximum Available Gain (Figure 2) (2) . = 
(VcE = 10 Vdc, I¢ = 15 mA, f = 2.0 GHz) 7 


Noise Figure (Rg = Optimum—Figure 2) 
(VcE = 10 Vdc, Ic = 5.0 mA, f = 2.0 GHz) 


*tndicates JEDEC Registered Data. 


(1) Cebp measurement employs a three-terminal capacitance bridge incorporating a guard circuit. The emitter terminal shall be connected to 
the guard terminal! of the bridge. 
S24 2 


(2) MAG is calculated from the S-Parameters using the equation MAG = ——————_— 
| (1-184 412)(1 -1S29/2) 


FIGURE 1 — BLOCK DIAGRAM FOR POWER GAIN AND NOISE FIGURE 


RF 
Voltmeter 


Signal 
Generator 


RF Power Gain 


oF Equivalent Microlab/EXR. Hw. OBN 


Bias Tee or Equiv 


Local Osc 
f= fur + 
30 MHz 


Noise Figure 


Ailtech Model 75 
Automatic NF 

Meter or 

Equivalent 


30 MHz 
LP Filter 


) 
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FIGURE 2 — POWER GAIN AND NOISE FIGURE , FIGURE 3 — OUTPUT CAPACITANCE versus VOLTAGE 
versus FREQUENCY . , ; 


GAIN (dB) 
(9P) 3HNOI4 3SION '4N 


Ceb (MIL-STD-750B Method 3241) 
~ Cgh (MIL-STO-7508 Method 3236) 


Cob, Cob, OUTPUT CAPACITANCE (pF) 


0.1 0.2 0.3: 0.5 - 1.0 2.0 0 2.0 4.0 60 8§=§=.8.0 10 12 314 16 
FREQUENCY (GHz) Veg, COLLECTOR-BASE VOLTAGE (Vdc) y 
FIGURE 4 — CURRENT GAIN—BANDWIDTH PRODUCT FIGURE 5 — POWER GAIN versus COLLECTOR CURRENT 


versus COLLECTOR CURRENT 


GAIN (dB) 


- fpesTt = 1.0 GHz 
Vce=10V 


fr, CURRENT GAIN-BANDWIDTH PRODUCT (GHz) 


~ Ig, COLLECTOR CURRENT (mA) ic, COLLECTOR CURRENT (mA) 


FIGURE 6 — NOISE FIGURE versus COLLECTOR CURRENT 


5.0 


3.0 


2.0 


NF, NOISE FIGURE (dB) 


af ee 
es aes) SEE Po 
: > 2 9g | 


Ic, COLLECTOR CURRENT (mA) 


| | MOTOROLA RF DEVICE DATA 
2-127 


2N6603 


COMMON EMITTER SCATTERING PARAMETERS . 
FIGURE 7 — INPUT AND OUTPUT REFLECTION FIGURE 8 — FORWARD AND REVERSE TRANSMISSION 


COEFFICIENTS versus FREQUENCY COEFFICIENTS versus FREQUENCY 
+j50 


-j50 Veg 210 V, Ig = 15 mA. * Vee = 10V, Ig = 15 mA. 
S — PARAMETERS a ae 
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MOTOROLA | | 
ms SEMICONDUCTOR mam 


TECHNICAL DATA | | | 
oy _ 2N6604 


NF =2.7 dB @ 1.0 GHz 
HIGH FREQUENCY _ 
TRANSISTOR 
| | 7 NPN SILICON 
NPN SILICON HIGH FREQUENCY TRANSISTOR ne 


... designed for use in high-frequency, low-noise, small-signal, 
narrow and wideband amplifiers. Ideal for use in microstrip thin 
and thick film applications. 


Low Noise Figure — NF = 2.7 dB (Typ) @ f = 1.0 GHz 
® High Bower Gain — Gy(max) = 16 dB (Typ) @ f = 1.0 GHz 
; ‘High Current — Specified Performance @ Ic = 30 a 
lon tmplantation and Gold Metallization 
Metal/Ceramic Hermetic Package | 


) JAN, JTXV Available 


*MAXIMUM RATINGS (Ta = 25°C Free Air Temperature) 


STYLE 1: 
PIN 1. COLLECTOR 
2, EMITTER 
3. BASE - 
4. EMITTER 


*|ndicates JEDEC Registered Data. 


NOTE: 
1. DIMENSION “K" APPLIES TO ALL LEADS. 


2. DIRECTION OF 45° CUT ON PIN 1 IS VENDOR 
OPTION. 


Specifications and Package Options 
Devices using the same die type as the 2N6604:. 
MRF911 — 4 Lead Plastic Macro-T Case 302-01 
MRF914 —TO-72 . | 
MMBR930 — MiniBloc Plastic (SOT-23) TO-236 
_BFRQ1 — 3 Lead Plastic Macro-T Case 302A-01 
BFERC91 — Unencapsulated Chip 


~ [MILLIMETERS INCHES |. - 
MAX | MIN | MAX |. 
2.67 { 0.090 | 


0.230 | 


CASE 303-01 


MOTOROLA RF DEVICE DATA 
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_ ELECTRICAL CHARACTERISTICS (T, = 25°C unless otherwise noted) oa 


| Characteristio | Syembot | min | typ | Max | nit 


*OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(i¢ = 1.0 mAdc, !p = 0) 

Collector-Base Breakdown. Voltage 
(I¢ = 0.1 mAdc, Ie = 0) 


Emitter-Base Breakdown Voltage 
(le = 0.1 mAdc, Ic = 0) 
Collector Cutoff Current 
(VcB = 15 Vdc, Ig = 0) 


ON CHARACTERISTICS 


ae nye aes DC Current Gain hFE 
(I¢ = 30 mAdc, VcE = 10 Vdc) 
“DYNAMIC CHARACTERISTICS | | 


Collector-Base Capacitance (1) 
(Vcg = 10 Vdc, Ie = 0,0.1 MHz < f < 1.0 MHz) 


*FUNCTIONAL TEST 
Common-Emitter Amplifier Power Gain (Figure 2) 
(VcE = 10 Vdc, I¢ = 30 mAdc, f = 1.0 GHz) 
Spot Noise Figure (Rg = Optimum — Figure 2) 
(VceE = 10 Vdc, Ic = 5.0 mAdc, f = 1.0 GHz) 
Power Gain at Optimum Noise Figure 
(VcE = 10 Vdc, ic = 5.0 mAdc, f = 1.0 GHz) 


TYPICAL 2 GHz PERFORMANCE 

Maximum Unilateral Gain (Figure 2) (2) 
(VcE = 10 Vdc, Ic = 30 mAdc, f = 2.0 GHz) 
Noise Figure (Rg = Optimum — Figure 2) 
(VcE = 10 Vdc, Ic = 5.0 mAdc, f = 2.0 GHz) 


te ert i Ps ek 


(1) Cop measurement employs a three-terminal capacitance bridge incorporating a guard circuit. The emitter terminal shall be connected to 
the guard terminal of the bridge. . 


*Indicates JEDEC Registered Data. 


1So4/2 


(2) Gy(max) is calculated from the S-Parameters using the equation Gy(max} = ——_—=—____—__ 
: (1-184 412)(1-1S9912 


FIGURE 1 — BLOCK DIAGRAM FOR POWER GAIN AND NOISE FIGURE 


RF 
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RF Power Gain 


Microlab/F XR SF31__ 
Double Slug Tuners 


or Equivalent — 


Microlab/F XR HW-OBN 
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Noise Figure 


Ailtech Model 75.- 
Automatic NF 

_ Meter or | 
_ Equivalent 


30 MHz 


. Noise Diode = LP Filter - 
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FIGURE 3 = OUTPUT CAPACITANCE versus VOLTAGE 


FIGURE 2 — POWER GAIN AND FIGURE | 


- versus REQUENCY. 5 . 
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|’ Veg, COLLECTOR-BASE VOLTAGE (Vdc) 
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_° FIGURE 5 — POWER GAIN versus COLLECTOR CURRENT 


- EIGURE 4 — CURRENT GAIN—BANDWIDTH PRODUCT 
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COMMON EMITTER SCATTERING PARAMETERS 


FIGURE 7 — INPUT AND OUTPUT REFLECTION FIGURE 8 — FORWARD AND REVERSE TRANSMISSION 
COEFFICIENTS versus FREQUENCY COEFFICIENTS versus FREQUENCY 
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MOTOROLA 
ce SEMICONDUCTOR TOONS EET 


TECHNICAL DATA © 


The RF Line 


NPN Silicon | : 
High Frequency Transistor 


2N6618 


. designed for use in high -frequency, low-noise, ie signal, narrow and wideband = NPN SILICON 
amplifiers. Ideal for use in microstrip thin and thick film. applications. | | - ~ HIGH FREQUENCY 
e@ Low Noise Figure — NF = 1.8 dB.(Typ) @ f = 2 GHz : ate -. TRANSISTOR 


@ High Power Gain — Ga = 12 dB (Typ) @ f = 2 GHz : ‘| NE = 2.2 dB MAX @ 2 GHz 
@ lon Implantation and Gold Metallization eo / — oe 

@ Metal/Ceramic Hermetic Package 

@ Capable of MIL- S- 19500 and MIL-STD-750/883 eavRonental and Test Requirements : 


*MAXIMUM RATINGS ie 25°C Free Air Temperature): 


Total Device Dissipation @ Tc = 125°C 
-Derate Above 75°C 


oe Temperature Range 
_ Lead Tainperature (Soldering 10 seconds each lead) 


“Indicates JEDEC Registered Data. 
ELECTRICAL eoeneo EBS Lie = 25°C unless otherwise noted) 


Symbol _ [ae [re [a 


*OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage (Ic = 100 aA IB = 0) VIBRICES a ee 
Collector-Base Breakdown Voltage (VcgE = 10 V) ICEO | — | = | 500 | nade | 


Collector Cutoff Current (Vcg = 10 Vde, IE = 0) 


CASE 303-01 


ON CHARACTERISTICS | | | 7 = : 
DC Current Gain (Ic = 3mAdc, Voce = 10 Vde) ee ee ee 
*DYNAMIC CHARACTERISTICS | | 


Collector-Base Capacitance (1) 
(VcB = 10 Vde, Ic = 0, f = 1 MHz) 


*FUNCTIONAL TEST 


Common-Emitter Associated Gain 
(VcE = 10 Vdc, Ic = 3 mAdc, f = 2 GHz) 


Minimum Noise Figure 
(VcE = 10 Vde, Ic = 3 mAdc, f = 2 GHz) 


*Indicates JEDEC Registered Data. 
(1) Cop measurement employs a three-terminal capacitance bridge incorporating a guard circuit. The emitter terminal shall be connected to the guard 
terminal of the bridge. 


MOTOROLA RF. DEVICE DATA 
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TYPICAL S-PARAMETERS 
VcE = 10V, Ic = 3mA 


ee 


oe FIGURE (dB) 
Gyr, ASSOCIATED GAIN (dB) 
co 


Gy, ASSOCIATED GAIN (dB) 


bole 
See 
Bee: 
Ze 
Bez 
aS 
aed 
aie 
ae 


Cor 


ia 
a 
Ea 
ee 
as 
ea 
a 
Ha 
ae 


| ea es ea 
cL at 
LAT 


CACC 
CHEAT 


38 
4 a 
4 : @ 
1g 
fs} 
ies ees 02 
| 0 4 6 8 
f FREQUENCY Ga Ic, COLLECTOR CURRENT (mA) 
| Figure 1. NFpin and Associated Gain | | Figure 2. NFryin and Associated Gain versus 


versus Frequency ; - Collector Current 


‘|Soq/2, INSERTION GAIN (dB) 


Ic, COLLECTOR CURRENT (mA) 
Figure 3. |S24|2, Insertion Gain versus Bias at 2 GHz 


MOTOROLA RF DEVICE DATA 
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MOTOROLA  _—CsT 


aa SEMICONDUCTOR 
‘TECHNICAL DATA 


The RF Line 4 RS ae | | 
NPN Silicon | | | 2N6679 
High Frequency Transistor “Ga 


et designed for use in high-frequency, small-signal, narrow and wideband amplifiers. 
ideal for use in microstrip thin and thick film applications. 


High Output Power — Py gg = 18.5 dBm Typ @ f = 4 GHz 
High Power Gain — GT = 10.5 dB Typ @ f = 4 GHz 
High Current — Specified Performance @ Ic = 25 mA 
lon Implantation and Gold Metallization 
- Metal/Ceramic Hermetic Package . | 
Capable of MIL-S-19500 and MIL-STD-750/883 Environmental and Test Requirements 


NPN SILICON 
HIGH FREQUENCY 

| TRANSISTOR 

Gy = 10.5 dB TYP @ 4 GHz 


*MAXIMUM RATINGS (Ta, = 25°C Free Air Temperature) 


[Gotesiornivervotege ———SSC*~*~drCt SY 
emiterdase vonage ——=SSCS*~*~*~S~dC( gO) 


Total Device Dissipation @ Tc = 125°C 
‘Derate Above 75°C 


CASE 303-01 


*Indicates Ratings Same As or Greater Than JEDEC Registered Data. 


*OFF CHARACTERISTICS | | | 
(Vc—E = 15 V) a 
Collector Cutoff Current | tee | | ICBO _— . nAdc — 
(Vcp = 15 Vdc, Ie = 0) | i | . 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) 
— (I¢ = 100 pA, Vee = 0) 
*ON CHARACTERISTICS 


Collector-Emitter Leakage Current 
DC Current Gain 


(Ic = 15 mAdc, Vcg = 15 Vdc) 
*DYNAMIC CHARACTERISTICS 


Collector-Base Capacitance (1) | 
(Vcp = 10 Vdc, Ic = 0, f = 1 MHz) 


*FUNCTIONAL TEST 


Tuned Gain (2) 
(VcE = 15 Vdc, Ic = 25 mAdc, f =.4 GHz) 


Power Output at 1 dB Compression 
(VceE = 15 Vde, Ic = 25 mA, f = 4 GHz) 


*Indicates JEDEC Registered Data. 
(1) Cop measurement employs a three-terminal capacitance bridge incorporating a guard circuit. The emitter terminal shall be connected to the guard 
terminal of the bridge. : 
[So4/2 (1 —|Fsi2y(1 — {I 2) Is = Source reflection coefficient. 


(1 -S44I§)(1 - Saal.) -S42S894IIs/2 IL = Load reflection coefficient. 


(2) Gy = 
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TYPICAL S-PARAMETERS 
Vce = 15 V, Ic = 25 mA 


GAIN (dB) 
SMALL-SIGNAL GAIN (dB) 
POWER OUTPUT AT 1 dB 
* COMPRESSION (dBm) 


0.2 1 
f, FREQUENCY (GHz) Ic, COLLECTOR CURRENT (mA) 
Figure 1. |S24|2 and Tuned Gain Figure 2. Power Output at 1 dB Compression and 
versus Frequency . Small-Signal Gain versus Collector Current 


|Soq|2, INSERTION GAIN (dB) 


Ic, COLLECTOR CURRENT (mA) 


Figure 3. |S24/2, Insertion Gain versus Bias at 4 GHz 
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MOTOROLA 


=a SEMICONDUCTOR & 
TECHNICAL DATA | 


TheRFline i 
NPN Silicon Push-Pull 
RF Power Transistor 


2N6985 


| - | 7 125 WATTS, 30-400 MHz 
... designed primarily for wideband large-signal output and driver amplifier stages in CONTROLLED “Q” 


_ the 30-400 MHz frequency range. ae BROADBAND PUSH-PULL | 
@ Specified 28 Volt, 400 MHz Characteristics — does 2 ste hd RF POWER TRANSISTOR 


_ Output Power = 125 W 

Typical Gain = 10 dB (Class C), 11 dB (Class AB) © 

Efficiency = 55% (Typ) Bie Pe 
Hermetic Package to Meet Stringent Environmental Requirements 
Built-In Input Impedance Matching Networks for Broadband Operation 
Push-Pull Configuration Reduces Even Numbered Harmonics 
Gold Metallization System for High Reliability 
100% Tested for Load Mismatch ion 


NPN SILICON ~ 


CASE 382-01, STYLE 1 


5 (FLANGE) 


a ey | eee Oe 


J 
! 
ee ey ee 


The 2N6985 is two transistors in a single package with separate base and collector leads and emitters 
common. This arrangement provides the designer with a space saving device capable of operation in a 
push-pull configuration. 


*MAXIMUM RATINGS | | 


Rating 

vced 

[ColectorBase Vatage ——SSSCSC~C“~“~S*~“‘“‘“~*S*SCS~*dYSC«t TY 

PemiterBase Vonage —SSCSC~*~“~*~“~“*“‘“‘~“~*C*~C‘~‘“~*~*rCS BY 

Collector Current — Continuous | a eee 

Total Device Dissipation @ Tc = 25°C (1) | a hae oe | 
Derate above 25°C . 1,54 wc 


THERMAL CHARACTERISTICS me —— 


. . Characteristic _ 


Thermal Resistance, Junction to Case 


(1) These devices are designed for RF operation. The total device dissipation rating applies only when the devices are operated as RF push-pull amplifiers. 
* Indicates JEDEC Registered Data. 
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*ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 


ee 


OFF CHARACTERISTICS (NOTE 1) 


Collector-Emitter Breakdown Voltage 


V(BR)CEO 
(i¢ = 50 mAdc, Ip = 0) 
Collector-Emitter Breakdown Voltage ViBRICES 
(Ic = 50 mAdc, Vee = 0) 
Emitter-Base Breakdown Voltage V(BR)EBO 
le = 5 mAdc, Ic = 0) = 


(VcB = 30 Vdc, Ip = 


0) 


ON CHARACTERISTICS (NOTE 1) 
DC Current Gain 


(ic = 1 Adc, Vcg = 5 Vdc) 
DYNAMIC CHARACTERISTICS (NOTE 1) 


Output Capacitance 
(VcB = 28 Vdc, Ile = 0, f = 1 MHz) 


FUNCTIONAL TEST (NOTE 2 — See Figure 1) 


Common-Emitter Amplifier Power Gain 
(Vcc = 28 Vde, Poyt = 125 W, f = 400 MHz) 


Collector Efficiency 
(Vcc = 28 Vde, Poyt = 125 W, f = 400 MHz) 


Load Mismatch 
(Vcc = 28 Vde, Poyt = 125 W, f = 400 MHz . _ No Degradation in Output Power 
VSWR = 30:1, all phase angles) 


NOTES: 1. Each transistor chip measured separately. 
2. Both transistor chips operating in push-pull amplifier. 


* Indicates JEDEC Registered Data. 


Bi 


Teele: eu 


C1, C2 — 240 pF, 100 Mil Chip Cap (ATC) or Equivalent 


C3 — 4.7 pF, 100 Mil Chip Cap (ATC) or Equivalent ~ B1— Balun. 50 2 Semi-Rigi . . . 
: : : ; gid Coaxial! Cable 86 Mil OD, 2” L 

C8 — 12 pF, 100 Mil Chip Cap (ATC) or Equivalent B2 — Bal ‘Rigi ie : ‘ 

C5 — 27 pF, 100 Mil Chip Cap (ATC) or Equivalent alun, 50 0 Semi-Rigid Coaxial Cable 86 Mil OD, 2" L 

C6 — 20 pF, 100 Mil Chip Cap (ATC) or Equivalent 21 — Microstrip Line 650 Mil L x 125 Mil W 

Ci) DE son Mend Cap (Ste or eauivelent 22 — Microstrip Line 220 Mil L x 128 Mil W 

C9, C10 — 270 pF, 100 Mil Chip Cap (ATC) or Equivalent . 23 — Microstrip Line 280 Mil L x 125 Mil W 

C11, C12, C16, C17 — 470 pF 100 Mil Chip Cap (ATC) or Equivalent 24 — Microstrip Line 300 Mil L x 125 Mil W 

C13, C18 — 680 pF Feedthru ; 75 — Mi ere : : 

C14, C19 — 0.1 uF Erie Redcap or Equivalent icrostrip Line 450 Mil L x 125 Mil W 

Clg o MON Board Material — 0.06" Teflon-Fiberglass, e, = 2.55, 


2 oz. Cu. CLAD, Double Sided 
L1, L2 — 0.15 «#H Molded Choke With Ferrite Bead 
L3, L4 — 2-1/2 Turns #20 AWG, 0.200 ID . 

L5, L6 — 3-1/2 Turns #18 AWG, 0.200 ID Figure 1. 400 MHz Test Fixture 
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MOTOROLA RF DEVICE DATA 
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NOTE: The Printed Circuit Board shown is 75% of the original. 


Figure 8. Test Circuit Photomaster | 


Figure 9. Test Fixture Photo — 
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MOTOROLA _ | 
= SEMICONDUCTOR EEE 
TECHNICAL DATA 


The RFLine ce 
NPN Silicon Push-Pull | 
RF Power Transistor 


... designed primarily for wideband large-signal output and driver amplifier stages in 
the 30-500 MHz frequency range. ; 
@ Specified 28 Volt, 500 MHz Characteristics — 
Output Power = 100W es me 
Typical Gain = 10.3 dB (Class AB); 9 dB (Class C) 
Efficiency = 55% (Typ) . 
Built-In Input Impedance Matching Networks for Broadband Operation 
Push-Pull Configuration Reduces Even Numbered Harmonics 
Gold Metallization System for High Reliability 
100% Tested for Load Mismatch . 
Hermetic Package to Meet Stringent Environmental Requirements 


2N6986 


100 WATTS, 30-500 MHz 
‘CONTROLLED “Q” 
BROADBAND PUSH-PULL 
_ RF POWER TRANSISTOR 
NPN SILICON 


CASE 382-01, STYLE 1 


5 (FLANGE) 


The 2N6986 is two transistors in a single package with separate base and collector leads and emitters 
common. This arrangement provides the designer with a space saving device capable of operation ina 
push-pull configuration. ee 


*MAXIMUM RATINGS 
Collector-Emitter Voltage VCEO 30 . 


Collector-Base Voltage 7 | | YeBo | bo 
Emitter-Base Voltage VEBO 


Collector Current — Continuous ; 


Total Device Dissipation @ Tc = 25°C (1) Bae ees 
Derate above 25°C 1.54 w/c 
es TL 
THERMAL CHARACTERISTICS | | | | | 
ae" ae Ae ae 
a 


(1) These devices are designed for-RF operation. The total device dissipation rating applies only when the devices are operated as RF push-pull amplifiers. 
* Indicates JEDEC Registered Data. 
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*ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 


OFF CHARACTERISTICS (NOTE 1) 
Collector-Emitter Breakdown Voltage V(BR)CEO 
(i¢ = 50 mAde, Ig = 0) 
Collector-Emitter Breakdown Voltage V(BR)CES 
(i¢ = 50 mAdc, VBE = 0) 


Emitter-Base Breakdown Voltage V(BR)EBO 
(IE = 5 mAdc, Ic = 0) 


Collector Cutoff Current 
(VcB = 30 Vdc, IE = 0) 


ON CHARACTERISTICS (NOTE 1) 


DC Current Gain hFE 20 
(I¢ = 1 Adc, Vcg = 5 Vdc) 
DYNAMIC CHARACTERISTICS (NOTE 1) . 


Output Capacitance 
(VcB = 28 Vdc, ig = 0, f = 1 MHz) 


FUNCTIONAL TEST (NOTE 2 — See Figure 1) 


Common-Emitter Amplifier Power Gain 
(Vcc = 28 Vdc, Poyt = 100 W, f = 500 MHz) 


Collector Efficiency 
(Vcc = 28 Vdc, Poyt = 100 W, f = 500 MHz) 


Load Mismatch 
(Vcc = 28 Vde, Pout = 100 W, f = 500 MHz No Degradation in Output Power 
VSWR = 30:1, all phase angles) 


NOTES: 1. Each transistor chip measured separately. 
2. Both transistor chips operating in push-pull amplifier. 
* Indicates JEDEC Registered Data. 


C9 C10 C11 


B1 
L1-L2 — 0.15 wH Molded Choke with Ferrite Bead 

C1, C2, C7, C8 — 240 pF 100 mil Chip Cap L3-L4 — 2-1/2 Turns #20 AWG 0.200" ID 

C3 — 12 pF 100 mil Chip Cap _  L5-L6 — 3-1/2 Turns #18 AWG 0.200” ID . 

C4 — 10 pF 100 mil Chip Cap: hes . 

C5 — 36 pF 100 mil Chip Cap B1, B2 — Balun 50 © Semi Rigid Coax, 86 mil OD, 2” Long 

C6 — 12 pF 100 mil Chip Cap ; : ; ae 

C9, C13 — 1000 pF 100 mil Chip Cap Z1, Z2 — 450 mil Long x 125 mil W. Microstrip 

C10, C14 — 680 pF Feedthru Cap ; 23, Z4 — 340 mil Long x 125 mil W. Microstrip 

C11, C15 — 0.1 uF Ceramic Disc Cap 25, Z6 — 280 mil Long x 125 mil W. Microstrip 

C12, C16 — 50 uF 50 V oo Z7, 28 — 600 mil Long x 125 mil W. Microstrip 


Board Material — 0.03” Teflon-Fiberglass, er = 2.55, 
2 oz. Copper Clad both sides. 


Figure 1. 500 MHz Test Fixture 
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OUTPUT POWER versus INPUT POWER 
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~~ OUTPUT POWER versus SUPPLY VOLTAGE. 


CLASS C 


So S = 3 
co 


KN 
COONS 
CCCP NATE 


(SLIWM) H3MOd LNdLNO 


ANE ATE TT, 


Lm] 
—™N 


wo 
—_ 


~ SUPPLY VOLTAGE (VOLTS) 


SUPPLY VOLTAGE (VOLTS) 
Figure 4. f = 225 MHz 


Figure 5. f = 500 MHz 


16 


wt 
_— 


N 


0 1 
INPUT POWER (WATTS) 


ao 0o.—CDTllmlCDOUWUlCCUDCS 
oo a a © > > i | 


BEN VON) 


= 100 W 


Q 
£5 
a > 
22 
£s 
=e a 
Ss 
xX B = 
wd 2ox 
0 £58 
=z 363 
S5N SoD 
err II Boe 
L? ann 
ry 3 eEfs 
a: > Zo 
PH Ba wy 
They, HA 2oan 
fT a hy Ly ity ; mo 
Na ae ma LT A] 2 
TH ane, [T 
=" HA BEA Tt eed 1 
: FESEEEEEH aeeeey, 
ae Pro i, 
= Petter S| 
“A CI CT cry i \ E 2 
FH | eee 
ct a8 


a8 
e 
id 


at 


eee GO ray «a s 
Settee O OgOns he eenense 
Oe oe se5 Saxo SS Co 
SSS OCS 
SSIS SIX OX OCD 
We teereratatetecin OO eare enecus 


we 


SS 


ivalent Input/Output Impedance 


Figure 6. Series Equ 


Figure 7. Class AB Output Power versus Input Power 


Input and output impedances are measured from base to base and 
collector to collector respectively. 


MOTOROLA RF DEVICE DATA 


2-143 


2N6986 


NOTE: The Printed Circuit Board shown is 75% of the original. 


‘Figure 8. Test Circuit Photomaster 


Figure 9. Test Fixture Photo 
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- MOTOROLA. ag ee fap ek ee 
a SEMICONDUCTOR 
TECHNICAL DATA | a ee *t 


fr = 5.0 GHz @ 14 mA 
HIGH FREQUENCY 
TRANSISTOR ~ 


NPN SILICON HIGH FREQUENCY TRANSISTOR 


.. . designed primarily for use in high-gain, low-noise, small-signal 
amplifiers. Also used in applications requiring fast switching times. 


_. NPN SILICON 


@® High Current-Gain. — Bandwidth Product — 
f7 = 5.0 GHz (Typ) @ Ic = 14 mA 
@ Low Noise Figure — 
_ NF =2.4dB (Typ) @f=0.5GHz 
- =3.0dB (Typ) @f = 1.0GHz _ 
@ High Power Gain — | _— 
ia = 12 dB (Typ) @ f = 1.0 GHz 


_|MAXIMUM RATINGS | 
| 
dc 


_| Collector-Base Voltage - VCBO - | 20 de 


Emitter-Base Voltage 


Collector Current — Continuous 


Storage Temperature Range . 65 to +150 a 


{THERMAL CHARACTERISTICS | 


| Characteristic | Symbol [Max 
Thermal Resistance Junction to Ambient | Rega | 


STYLE 2: 
PIN 1. COLLECTOR 
2, EMITTER 
3, BASE 


NOTE: 
DIMENSION D NOT APPLICABLE IN ZONE N. 


Pp, DEVICE DISSIPATION (mW) 


Ta, AMBIENT TEMPERATURE (°C) 


CASE 317A-01 
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ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 


[Characteristic | symbot min | tye tox | nit 


OFF CHARACTERISTICS ie 
| Collector-Emitter Breakdown Voltage . V(BR)CEO 
~ (le = 1.0 mAdc, Ig = 0) el ge ye 


Collector-Base Breakdown Voltage 


(I¢ = 0.1 mAdc, IE = 0) 
ICBO 


Emitter-Base Breakdown Voltage 
(l_e =0.1 mAdc,IG¢=0) 

; Collector Cutoff Current - 
(Vcp = 10 Vdc, Ie = 0) 


_ 
3.0 


DYNAMIC CHARACTERTISTICS 
Current-Gain Bandwidth Product 
(Ic = 14 mAdc, Vee = 10 Vdc, f = 0.5 GHz) 


- Coillector-Base Capacitance ) 
(Vog = 10 Vde, Ie =0, f= 1.0 MHz) . 


FUNCTIONAL TESTS 


Noise Figure | . . i? 
(ic = 2.0 mAdc, VcE = 10 Vde, f = 0.5 GHz¥ 
(ic = 2.0 mAdc, Vcg = 10 Vde,f=1.0GHz) | ; hon BK 


Power Gain at Optimum Noise Figure 
(Ic = 2.0 mAdc, Vcg = 10 Vdc, f = 0.5 GHz) 
(Ic = 2.0 mAdc, Vcog = 10 Vde, f = 1.0 GHz) 

Maximum Available Power Gain (1) 

(I¢ = 14 mAdc, Vcg = 10 Vdc, f = 0.5 GHz) 
(Ic = 14 mAde, Veg = 10 Vdc, f = 1.0 GHz) 


2. ISo4/? 
(1) Gmax = (1-1S4 712) (1-ISa912) 
FIGURE 2 _ POWER GAIN AND NOISE | | FIGURE 3 — POWER GAIN AND NOISE 
FIGURE versus FREQUENCY , - FIGURE versus COLLECTOR CURRENT > 
20 ak Lae 10 
: {See to} 
J 8.0 
# z Bones sible alia J1QA alte ae cle, z 
: oe ee ee ee 
: ee el ee a 
: ae ee ee ele ee 
6 e ag eee EC erie) RS ae 
ip (a ee ae 
pete Ie code, slestetly oP eee 


0 | 10 20 30” 40 
: Ic, COLLECTOR CURRENT (mA) 
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| "FIGURE 4 — Sy PARAMETERS | 
Frequency (MHz) a ae | 
Lo 


RAMETERS 


[200 soo 00000500 


fen | w| sz | w | om | w | oo | 


Frequency (MHz) 


Frequency (MHz) 


VcE 
| (Volts) 


MOTOROLA RF DEVICE DATA 
2-147 


MOTOROLA 
TECHNICAL DATA 


; The RF Line a 
: | fy = 5.0 GHz @ 30 mA 


HIGH FREQUENCY 
| TRANSISTOR 


NPN SILICON HIGH FREQUENCY TRANSISTOR 
: NPN SILICON 
... designed primarily for use in high-gain, low-noise, small-signal . . 
amplifiers. Also used in applications requiring fast switching times. 


® High Current-Gain — Bandwidth Product — _ 
fT = 5.0 GHz (Typ) @ Ic = 30 mA . 
@ Low Noise Figure — 
NF = 1.9dB (Typ) @ f = 0.5 GHz 
@ High Power Gain — 
Gmax =.16 dB (Typ) @ f = 0.5 GHz 


| Collector-Emitter Voltage VCEO 
Collector-Base Voltage el Eee ere es 


Emitter-Base Voltage 


| Collector Current — Continuous 


Total Device Dissipation @ Ta = 60°C 
Derate Above 60°C . 


Storage Temperature Range —65 to +150 


STYLE 2: 
PIN 1. COLLECTOR 
2, EMITTER 
3, BASE 


NOTE: . 
DIMENSION D NOT APPLICABLE IN ZONE N. 


Pp, DEVICE DISSIPATION (mW) 


“CASE 317A-01 
Ta, AMBIENT TEMPERATURE (°C) 7 . 
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ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise e noted) 


| Characteristic 
OFF CHARACTERISTICS 
Collector-Emitter Breakdown Voltage 


~ (Ig = 1,0 mAdc, Ig = 0) - fae 

Collector-Base Breakdown Voltage . - V(BR)CBO Sp fa 
(Ig =0.1 mAde, Ig = 0) | eet 

Emitter-Base Breakdown Voltage - | oe Bel ST ERE) SAP ae 


(ig = 0.1 mAdc, Ic = 0) 
Collector Cutoff Current - 


Vee = = 5.0 Vde, Ie = 0) 


_ON CHARACTERISTICS 


DYNAMIC CHARACTERTISTICS _ 
Current-Gain Bandwidth Product 
(Ic = 30 mAdc, VcE = 5.0 Vde, f = 0.5 GHz) 
Collector-Base Capacitance 
(Vop = 10 Vde; le =0,f= 1.0 MHz). 


FUNCTIONAL TESTS 

Noise Figure 
(Ig = 2.0 mAdc, VcE = 5.0 Vdc, f = 0.5 GHz) 
(I¢ = 2.0 mAdc, Vcg = 5.0 Vdc, f = 1.0 GHz) 

Power Gain at Optimum Noise Figure 
(Ic = 2.0 mAdc, Vcg = 5.0 Vde, f= 0.5GHz). 
(Ig = 2.0 mAdc, Vcg = 5.0 Vde, f = 1.0 GHz) 

Maximum Available Power Gain (1) 

_ (Ig = 30 mAde, Veg = 5.0 Vdc, f = 0.5-GHz) 

(Ic = 30 mAdc, VcE = 5.0 Vde, f = 1.0 GHz) 


(1) Gra = se a ail SS : 
5 MAX” (1-184 412) -1S9912) 
FIGURE 2-POWER GAIN AND NOISE. 7 ; FIGURE 3 - POWER GAIN AND NOISE 
_ FIGURE versus FREQUENCY | FIGURE versus COLLECTOR CURRENT 
10 
‘ a sae (eS 
[ea aes pes ec Gare gis 
16 — = 8.0 
3 2 a ce a a 
: 2 oe Ea fae (ae aa a ee 
S 7 OU Fa Ue aoe a ee 
| 10 20 ewes, 
f, FREQUENCY (GHz) ig, COLLECTOR CURRENT (mA) 
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FIGURE 4 — S71 PARAMETERS 


Frequency (MHz) 


VCE 
(Volts) Lo 


rreaweney (MHz) 


| VcE 
(Voits)| a 


Frequency (WHa)_[ 200 
l si 


VCE 
(Volts) 
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MOTOROLA 
a SEMICONDUCTOR 
TECHNICAL DATA 


The RF Line 
NPN Silicon 
High Frequency Transistors 

... designed primarily for use in high-gain, low-noise, small-signal UHF and 


microwave amplifiers constructed with thick and thin-film circuits using sur- RF TRANSISTORS 
face mount components. 
NPN SILICON 


MAXIMUM RATINGS 


Symbol 
Collector-Emitter Voltage VCEO 


CASE 318-05, STYLE 6 
SOT-23 


*Total Device Dissipation, Ta = 25°C 350 mW 
Derate above 25°C 2.8 mWw/°C 
Storage Temperature | Tstg | 150 | 

_| *Thermal Resistance Junction to Ambient R@JA °C/W 


*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


ELECTRICAL CHARACTERISTICS (T, = 25°C unless otherwise noted.) | — 
ea ee 7 
OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage (1) 
(i¢ = 10 mA) 
Collector-Base Breakdown Voltage 
(IC = 100 pA) 
Emitter-Base Breakdown Voltage - 
(i¢ = 100 pA) 
Collector Cutoff Current 
(Veep = 10V) | 
ON CHARACTERISTICS 
DC Current Gain 
(Ic = 500 nA, VcE = 10 V) 
(Ic = 14 mA, VcE = 10 V) 
Collector-Emitter Saturation Voltage (1) 
(Ic = 25 mA, Ip = 5.0 mA) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(Ic = 14 mA, VcE = 10 V, f = 500 MHz) 
Noise Figure 
(VcE = 1.5 V, Ic = 3.0 mA, Rs = 50 0, f = 500 MHz) 


(1) Pulse Width < 300 us, Duty Cycle < 2.0%. 
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MOTOROLA 


= SEMICONDUCIQR yyy: 
TECHNICAL DATA 


BFR93 


The RF Line BFRISA 


NPN Silicon 
High Frequency Transistors 
... designed primarily for use in high-gain, low-noise, small-signal UHF and 


microwave amplifiers constructed with thick and thin-film circuits using sur- RF TRANSISTORS 
face mount components. NPN SILICON 


MAXIMUM RATINGS 


CASE 318-05, STYLE 6 


ri : Ohne er 
Total Device Dissipation, Ta = 25°C SOT-23 


Derate above 25°C 


Storage Temperature 


*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage (1) a V(BR)CEO 
(Ic = 10 mA) 

Collector-Base Breakdown Voltage V(BR)CBO 
(Ic = 10 pA) 

Emitter-Base Breakdown Voltage . V(BR)EBO 
(Ic = 100 uA) — 


Collector Cutoff Current 
(VCE = 10 V) 


Collector Cutoff Current 
(VcB = 10 V) 

ON CHARACTERISTICS 

DC Current Gain (1) . 
(I¢ = 30 mA, VcE = 5. BFR93A 
(Ic = 30 mA, VcgE = 5. BFR93 


Collector-Emitter Saturation Voltage (1) 
(Ic = 35 mA, Ip = 7.0 mA) 


Base-Emitter Saturation Voltage (1) 
(Ic = 35 MA, Ig = 7.0 mA) 


SMALL-SIGNAL CHARACTERISTICS 


E 
Current-Gain — Bandwidth Product T dl 
j ee 


(lc = 30 mA, VcE = 5.0 V, f = 500 MHz) 


Noise Figure 
(VcE = 5.0 V, Ic = 2.0 mA, Rg = 502, f = 30 MHz) 


(1) Pulse Width < 300 us, Duty Cycle < 2.0%. 
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MOTOROLA | 
| SEMICONDU 
TECHNICAL DATA 


| | The RF Line : 


MRF965 
NPN SILICON HIGH FREQUENCY TRANSISTORS 


The BFRQ96 series transistors use the same state-of-the-art micro- 
wave transistor chip which features fine-line geometry, ion-implanted 
arsenic emitters and gold top metalization. These transistors are 
intended for low-to-medium power amplifiers requiring high gain, 
low noise figure, and low intermodulation distortion. The BFR96 ft = 4.5 GHz @ 50 mA 
and MRF961 are particularly suitable for broadband MATV/CATV 
amplifiers. The MRF962 uses a hermetic stripline, ceramic package HIGH FREQUENCY 
and is intended for high reliability applications up to 2 GHz. The TRANSISTOR 
MRF965 makes an excellent VHF/UHF Class C driver amplifier for 
several hundred milliwatts power output. NPN SILICON 


BFRC96 MRF962 MRF965 


| Case 317A-01| Case 317-01 | Case 303-01 | Case 26-93 
MAXIMUM RATINGS Style 1 


Total Device Dissipation @ Tc = 100°C"! 
Derate above Tc = 100°C 


NOTE 1. Case temperature measured on collector lead immediately adjacent to body of package. 


MOTOROLA RF DEVICE DATA 


2-153 


BFR96, BFRC96, MRF961, MRF962, MRF965 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 


Characteristic symbol | Min | Tye | Max | Unit _| 
Collector-Emitter Breakdown Voltage 


(Ic = 1.0 mAdc, Ip = 0) 
Collector-Base Breakdown Voltage V(BR)CBO 20 Vdc 
(Ic = 100 uAde, Ie = 0) 
Emitter-Base Breakdown Voltage V(BR)EBO 
(Ie = 100 wAdc, Ic = 0) 
Collector Cutoff Current ICBO nAdc 
(Vcp = 10 Vdc, I¢ = 0) 


ON CHARACTERISTICS 


OFF CHARACTERISTICS 


DC Current Gain hee 30 200 
(1¢ = 50 mAdc, VcgE = 10 Vdc) 


DYNAMIC CHARACTERISTICS 


Current-Gain Bandwidth Product 
(Ic = 50 mAdc, VcE = 10 Vdc, f = 0.5 GHz) 


Collector-Base Capacitance 
(VopB = 10 Vdc, Emitter Guarded) BF R96, MRF961, MRF962 
MRF965 


FUNCTIONAL TESTS 
Noise Figure 
(Ic = 10 mAdc, Veg = 10 Vdc, f = 0.5 GHz) 
Maximum Unilateral Gain/Insertion Gain Gy(max)/ 
(I¢ = 50 mAdc, VcgE = 10 Vdc, f = 0.5 GHz) BFR96, MRF965 ISo4/2 14.5/13 
MRF961 ; 17/15 
MRF962 20.5/16.5 


1S2412 


NOTE (Je y(mao—— ae 
| (1 = 184412) (1 - 189912) 


FIGURE 1 — MAXIMUM UNILATERAL GAIN versus FREQUENCY FIGURE 2 — |S94 i2 versus FREQUENCY 
28 
ee eee eee oo oc ioe oe Sn 
o LS a | Ic = 50mA = KN — Se — Ip = 50 mA 
= hs RE ES : Sai ~=Ne = ae oad 
ee 2 (le se 
es SJ ‘ * ' SSN 
ae Bis Se os Sa ar A Se ss a ee 
2 | SSS S a es ae eee 
= ene StS co SS 
= ia PSP 96. “Se iss Ses Ss Se a 
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MOTOROLA RF DEVICE DATA 
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BFR96, BFRC96, MRF961, MRF962, MRF965 


Gy(max), MAXIMUM UNILATERAL GAIN (dB) 


NF, NOISE FIGURE (dB) 


Cop, COLLECTOR-BASE CAPACITANCE (pF) 


FIGURE 3 — MAXIMUM UNILATERAL GAIN versus 
COLLECTOR CURRENT 
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FIGURE 5 — NOISE FIGURE versus FREQUENCY 
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FIGURE 7 — COLLECTOR-BASE CAPACITANCE versus 
COLLECTOR-BASE VOLTAGE 


Vcog, COLLECTOR-BASE VOLTAGE (Vdc) 


Pout, OUTPUT POWER (mW) 
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FIGURE 4 — GAIN-BANDWIDTH PRODUCT versus 
COLLECTOR CURRENT 
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FIGURE 6 — NOISE FIGURE versus COLLECTOR CURRENT 
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NF, NOISE FIGURE (dB) 


Ic, COLLECTOR CURRENT (mA) 
FIGURE 8 — OUTPUT POWER AND EFFICIENCY 
versus INPUT POWER (MRF9Q65) . 
.f = 500 MHz | 


See Figure 9 


P.,, INPUT POWER (mW) 


FIGURE 9 — MRF965 CLASS C AMPLIFIER @ 500 MHz, 400 mw 
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L1— Copper Strip; 1/4” Wide X 1°’ Long 
X 0.005” Thick 

L2 — 3/4", #18 AWG 

L3 — 2 Turns, #18 AWG, 1/4"' ID 


(3-30) pF — Arco 19A115282-1 
‘or equivalent 
(1—10) pF — Johanson Piston 
Trimmer or equivalent 


(3-—30)pF 


Bead — Indiana General #56-590-65 
(3-30) pF 


(%) AIN31914439 HOLI91109 ‘94 


BFR96, BFRC96, MRF961, MRF962, MRF965 


BF R96 COMMON-EMITTER S-PARAMETERS 


INPUT/OUTPUT REFLECTION .| FORWARD/REVERSE TRANSMISSION 


COEFFICIENTS versus FREQUENCY COEFFICIENTS versus FREQUENCY 
(Vee = 10 V, Ic = 50 mA) (VcE = 10 V, Ic = 50 mA) 


+90° 


180° 


- 150° 


VCE 
(Volts) 
5.0 


MOTOROLA RF DEVICE DATA 
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BFR96, BFRC96, MRF961, MRF962, MRF965 | 


MRF961 COMMON-EMITTER S-PARAMETERS 


INPUT/OUTPUT REFLECTION | FORWARD/REVERSE TRANSMISSION 


COEFFICIENTS versus FREQUENCY COEFFICIENTS versus FREQUENCY 
(VcE = 10V, ic = 50 mA} “(Veg = 10 V, Ic = 50 mA) 


© +150 


VCE Ic 
(Volts) (mA) 


MOTOROLA RF DEVICE DATA 
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BFR96, BFRC96, MRF961, MRF962, MRF965 


MRF962 COMMON-EMITTER S-PARAMETERS 


INPUT/OUTPUT REFLECTION FORWARD/REVERSE TRANSMISSION 
COEFFICIENTS versus FREQUENCY COEFFICIENTS versus FREQUENCY 
(Vege = 10 V, I¢ = 50 mA) (Vee = 10 V, Ig = 50 mA) 
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VcE Ic f 
Wats wy [Ba | ae 


~ MOTOROLA RF DEVICE DATA 
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BFR96, BFRC96, MRF961, MRF962, MRF965 


MRF965 COMMON-EMITTER S-PARAMETERS 


INPUT/OUTPUT REFLECTION FORWARD/REVERSE TRANSMISSION 
COEFFICIENTS versus FREQUENCY COEFFICIENTS versus FREQUENCY 


(Veg = 10 V, Ic = 50 mA) (VcE = 10 V, Ic = 50 mA) 


VCE Ic 
(Volts) | (mA) . 


0 
10 


MOTOROLA RF DEVICE DATA 
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BFR96, BFRC96, MRF961, MRF962, MRF965 


BFRC96 CHIP TOPOGRAPHY 
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Nominal Chip Size: 0.014” X 0,016” X 0.005’ 
Front Metalization: Gold 

Back Metalization: Gold 

Emitter/Base Bond Pad: 2.8 mil Dia. 

#Emitter Fingers: 10 

#Base Fingers: 11 


Emitter Diffusion: lon-!mplanted Arsenic 


MOTOROLA RF DEVICE DATA 


MOTOROLA 
SEMICONDUCTOR Ex 
TECHNICAL DATA 


| The RF Line j | 


NPN SILICON HIGH FREQUENCY TRANSISTOR 


ft = 4.5 GHz @10mA 


HIGH FREQUENCY 
| TRANSISTOR 
_... designed primarily for use in MATV/CATV amplifiers and other 


broadband linear applications demanding high power gain with low 
noise over a wide Current range. 


NPN SILICON 


® High Power Gain — 
MAG = 16 dB (Typ) @ f= 0.5 GH 


@® Low Noise Figure — 
NF = 2.7 dB (Typ) @ f = 0.5 GHz 


lon-Ilmplanted Arsenic Emitters 

Gold Top Metal 

Silicon Nitride Passivation 
Industry Standard Plastic Macro-T Package 
Compatible with Other BFW92 Types 


MAXIMUM RATINGS 


[Collector EmiterVokage———SS~™C«C CC 

[Collector Base Vottage ———S~S~S~S~dCN CBO 

Total Device Dissipation @ Tc = 105°C cy) 
Derate Above 105°C 


Storage Temperature Range | 


STYLE 2: 
THERMAL CHARACTERISTICS a ie 
3, BASE 


NOTE: 

Note: Case temperature measured on collector lead DIMENSION: O.NOT-APELIGABIE N-ZONE 'N. 
immediately adjacent to body of package 

MILLIMETERS INCHES 


CASE 317A-01 


MOTOROLA RF DEVICE DATA 
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BFW92A 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) | 
Characteristic [Symbot_[ in| Te [Max [Unit 
OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(ic = 1.0 mAdc, Ip = 0) 


Collector Cutoff Current 
(VcpB = 10 Vdc, Ig = O) 


ON CHARACTERISTICS 
DC Current Gain 


(I¢ = 2.0 mAdc, VcE = 1.0 Vdc) 
DYNAMIC CHARACTERISTICS 
Current-Gain Bandwidth Product 

(I¢ = 10 mAdc, VcgE = 10 Vdc, f = 0.5 GHz) 
Collector-Base Capacitance . 

(Vcp = 10 Vdc, f = 1.0 MHz, Emitter Guarded) 
FUNCTIONAL PERFORMANCE 
Optimum Noise Figure (Tuned) 

(Ic = 10 mAdc, VcgE = 10 Vdc, f = 0.5 GHz) 
Noise Figure (Untuned, Rs = RL = 50 1?) 

(I¢ = 10 mAdc, VcgE = 10 Vdc, f = 0.5 GHz) 


Maximum Available Gain (1) 

(I¢ = 10 mAdc, Vcg = 10 Vdc, f = 0.5 GHz) 
Insertion Gain 

(Ic = 10 mAdc, VcgE = 10 Vdc, f = 0.5 GHz) 


|S24/2 
(1-4S44/2) (1482/2) 


(1) G max > 


FIGURE 1 — 30-900 MHz BROADBAND AMPLIFIER 


1.1k 


O+24V 


82.) ao bese 


= O.1 uF. = 0.1 pF 


L2 
3.3 wH 0.1 uF 


{+ RL = 759 


Rs = 76 VcE=10V 
lc = 10 mA 


C1 
(10-100) pF 


C3, C4, C5 — 0.1 uF Chip Capacitor 
L1, L2 — 3.3 nH Molded Inductor 


All Resistors 1/4 W, 20% 


MOTOROLA RF DEVICE DATA 
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BFW92A 


MAG, MAXIMUM AVAILABLE GAIN (dB) 


LEA 


MAG, MAXIMUM AVAILABLE GAIN (dB) 


Gpg, POWER GAIN (dB) 


FIGURE 2 — BROADBAND GAIN (Circuit Figure 1) 


f, FREQUENCY (GHz) 


FIGURE 4 — MAXIMUM AVAILABLE GAIN 
versus FREQUENCY 
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_ FIGURE 6 — MAXIMUM AVAILABLE GAIN 
versus COLLECTOR CURRENT 
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Ic, COLLECTOR CURRENT (mA) 


FIGURE 3 — 2nd AND 3rd ORDER INTERCEPT POINTS 


’ Measured in circuit . 
shown in Figure 1. 
Two-tone test: 


= 
PPT | | 295.26 and 208.25 Mz 
a 


-70 -60 -50 -40 -30 -20-10 0 +10 +20 +30 +40 +50 +60 +70 
Pin, INPUT POWER (dBm) 


Pout OUTPUT POWER (dBm) 
| 
[ow] eS [am] S eo [om So 


FIGURE 5 —!S94/2 versus FREQUENCY 
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FIGURE 7 — GAIN-BANDWIDTH PRODUCT 
versus COLLECTOR CURRENT 
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Ic, COLLECTOR CURRENT (mA) 
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BFW92A 
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FIGURE 11 — NOISE FIGURE versus FREQUENCY 


FIGURE 10 — NOISE FIGURE versus FREQUENCY 
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FIGURE 13 — COLLECTOR-BASE CAPACITANCE 
versus COLLECTOR-BASE VOLTAGE 
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Vee, BASE-EMMITTER VOLTAGE a 
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BFW92A 


BFW92A COMMON-EMITTER S-PARAMETERS 


INPUT/OUTPUT REFLECTION FORWARD/REVERSE TRANSMISSION 


COEFFICIENTS versus FREQUENCY COEFFICIENTS versus FREQUENCY 
(VcE = 10 V, I¢ = 10 mA) | (Voce = 10 V, Ic = 10 mA) 


MOTOROLA RF DEVICE DATA 
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MOTOROLA 
a SEMICONDUCTOR Oa 
TECHNICAL DATA 


The RF Line 4 


NPN SILICON HIGH-FREQUENCY TRANSISTORS 


f7 = 2.0 GHz @10 mA 


HIGH FREQUENCY 
TRANSISTORS 


, come ; ; NPN SILICON 
_.. designed for VHF and UHF applications where high-gain, low- 
noise and good intermodulation characteristics are required. 
Particularly suited for wideband MATV amplifiers. 


@ High Current-Gain — Bandwidth Product — fT 
1.2 GHz (Min) @ Ic = 25 mAdc — BFX89 
1.3 GHz (Min) @ Ic = 25 mAdc — BFY90 


@ Low Noise Figure — NF 
6.5 dB (Max) @ f = 500 MHz — BFX89 
5.0 dB (Max) @ f = 500 MHz — BFY90 


® High Power Gain — Gpe 
19 dB (Min) @ f = 200 MHz — BFX89 
21 dB (Typ) @ f = 200 MHz — BFY90 


@ JEDEC Equivalents — 2N6304, 2N6305 


SEATING 


MAXIMUM RATINGS 
: ql STYLE 10: 
Rating PIN 1. EMITTER 
Cc | 2. BASE 
ollector-Emitter Voltage . 3 COLLECTOR 


Collector-Base Voltage 4. CASE 


Emitter-Base Voltage : NOTE: ALL RULES AND NOTES ASSOCIATED WITH TO-72 
— OUTLINE SHALL APPLY. 


Collector-Current — Continuous 


MILLIMETERS INCHES = 


Total Continuous Device Dissipation pim_| MIN | MAX | MIN | MAX 
@ Ta = 25°C 6.31 
Derate above 25°C 


Storage Temperature Range 


CASE 20-03 
TO-206AF 
(TO-72) 


MOTOROLA RF DEVICE DATA 
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BFX89, BFY90 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) 
[Charactentn «Symbol [in| Toe | Max [ne 
_ OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 

(Ic = 10 mAdc, Ip =O). | 
Collector Cutoff Current — 

-. (Veep = 15 Vdc, Ie = O) 
ON CHARACTERISTICS 
DC Current Gain 
- (Ile = 2.0 mAdc, Veg = 1.0 Vde) 

(I¢ = 25 mAdc, Vcg = 1.0 Vdc) 
DYNAMIC CHARACTERISTICS 
Collector-Base Capacitance (1) Po ae 

(VcB = 10 Vdc, Ie = O, f= 1.0 MHz) 
Emitter-Base Capacitance 
~ (VeEB = 0.5 Vdc, Ic = 0, f= 1:0 MHz) © 
Current-Gain-Bandwidth Product (2) 

(Ic = 2.0 mA, Vcg = 5.0 Vdc, f = 500 MHz) 


(Ic = 25 mA, VcE = 5.0 Vdc, f = 500 MHz) 


FUNCTIONAL TEST 
Common-Emitter Amplifier Power Gain (2) 
(VCE = 10 Vdc, I¢ = 8.0 mA, f= 200 MHz) 
Spot Noise Figure (Rg = Optimum) (2) 
(VcE = 5.0 Vdc, Ic = 2.0 mA, f = 500 MHz) 


Notes 1. Pin 4 is not grounded. 
2. Pin 4 is grounded. : 2 
, S21: 
3. Gy(max) is calculated from the S-Parameters using the equation Gylinax) = 
(1-1S4 4/2) (1-1S22/2) 


: | a | FIGURE 2 — POWER GAIN versus — 
FIGURE 1 — POWER GAIN versus FREQUENCY COLLECTOR CURRENT 
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MOTOROLA RF DEVICE DATA 
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BFX89, BFY90 


FIGURE 4 — NOISE FIGURE versus 


FIGURE 3 — NOISE FIGURE versus FREQUENCY 
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FIGURE 5 — CURRENT GAIN-BANDWIDTH PRODUCT 


FIGURE 6 — OUTPUT CAPACITANCE versus VOLTAGE 


versus COLLECTOR CURRENT 
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MOTOROLA RF DEVICE DATA 
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BFX89, BFY90 


aS eee —. COMMON EMITTER SCATTERING PARAMETERS. f | 
FIGURE 7 — INPUT AND OUTPUT REFLECTION FIGURE 8 — FORWARD AND REVERSE TRANSMISSIO 


_ COEFFICIENTS versus FREQUENCY . COEFFICIENTS versus FREQUENCY . 
+j50 . 


Vee = 10 V, Ip = 10 mA 


S — PARAMETERS. 


IS 


MOTOROLA RF DEVICE DATA 
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MOTOROLA 
= SEMICONDUCTOR EEE 
TECHNICAL DATA | 


BT500 
The RF Line 


RF Bias Source 


... designed for use in Class AB amplifiers to provide a thermally tracked bias source. | BIAS SOURCE 
@ Gold Metallized Die for Improved Reliability | my oeiee 
® Hermetic Package eo 

: RF DEVICES 


MAXIMUM RATINGS 


ELECTRICAL CHARACTERISTICS 


PC haractrnie ——~SCSC~*~*~*~*~*~dtC«R tT | 


OFF CHARACTERISTICS | 


Emitter-Base Breakdown Voltage V(BR)EBO Vdc 
(ig =5mA,I¢ = 0) | 
V5 1.3 Vde 


Emitter-Base Forward Voltage 
(IE = 500 mA) 


ON CHARACTERISTICS 


DC Current Gain | hee 20 100 
(I¢ = 100 mA, Vcge = 5 V) 


100 20T ADJUSTMENT FOR Ico 
TRIMPOT 7 


TO BASE 
CIRCUIT 

OF CLASS 
“AB” DEVICE 


+5 Vde 


Figure 1. Suggested Circuit for BT500 | 


MOTOROLA RF DEVICE DATA 
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MOTOROLA 
SEMICONDUCTOR EEE 
TECHNICAL DATA 


The RF Line | 

RF Bias Source 
... designed for use in Class AB amplifiers to provide a thermally tracked bias source. _- BIAS SOURCE 
FOR 


_ CLASS AB 
_ RF DEVICES 


@ Gold Metallized Die for Improved Reliability 
® Isolated SOE Style Package 


.380 SOE F 
CASE 211-07, STYLE 1 


MAXIMUM RATINGS © 
SCR S*YCS le 
Ce 


ELECTRICAL CHARACTERISTICS 


OFF CHARACTERISTICS . 
Emitter-Base Breakdown Voltage . V(BR)EBO 
(IE = 5 mA, Ic = 0) . 
Emitter-Base Forward Voltage Ve 1 1.3 Vdc 
(IE = 500 mA) . 
ON CHARACTERISTICS 
DC Current Gain hFE 20 
(Ic = 100 mA, VcE = 5 V) 


102 20T ADJUSTMENT FOR Icq 
TRIMPOT <8 


TO BASE 
7 CIRCUIT 
OF CLASS 
“AB” DEVICE 


+5Vde > 


Figure 1. Suggested Circuit for BY500F 


MOTOROLA RF DEVICE DATA 
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MOTOROLA 
TECHNICAL DATA 


201006 
The RF Line 


jer Transistor 


... designed primarily for wideband large-signal output amplifier stages in 30-200 MHz 28 VOLTS 
frequency range. 30-200 MHz 
® Guaranteed Performance at 175 MHz and 28 Vdc VHF POWER 


Output Power = 100 W TRANSISTOR 
Minimum Gain = 7 dB 
® Built-In Matching Network for Broadband Operation 
® 100% Tested for Load Mismatch at All Phase Angles with 3:1 VSWR 
Gold Metallization System for High Reliability 
High Output Saturation Power — Psat = 125 W (Min) 
Diffused Ballast Resistors 


6 8 


.500 J ZERO 
MAXIMUM RATINGS 


CASE 316A-01, STYLE 1 
FolectorBaseVotege —SSCSC~=“‘*‘“*~‘“‘“‘~*S*dCM Ss CSSC‘“‘a 
Emitter-Base Voltage | Vepso | 4 | 
ea Oe 
Total Device Dissipation @ Tc = 25°C Le i ae ee 
Derate above 25°C 1.14 °C 
ae 


IC 
Operating Junction Temperature TJ SS ee ae 
Storage Temperature Range —65 to +150 a 


THERMAL CHARACTERISTICS 


ELECTRICAL CHARACTERISTICS 


OFF CHARACTERISTICS 


Collector Current — Continuous 


ViBRICEO 


| Vierices | 60 


| Mereso | 4 


Collector Cutoff Current (Vce = 25 V, Vee = 0) ICES 


ON GHARACTERISTICS . 


[Oc Curent Geinic = iAVee= 10M ——S*~=“~*~‘*~*éidCia:SC«dSC(‘ dC dw 


DYNAMIC CHARACTERISTICS 
Output Capacitance (VcR = 28 V, Ie = 0, f = 1 MHz) Cob Po -— {| — | 2 | ow | 


(continued) 


MOTOROLA RF DEVICE DATA 
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J01006 


ELECTRICAL CHARACTERISTICS — continued 


Characteristic ce ee 


FUNCTIONAL TESTS 


Common-Emitter Amplifier Power Gain 
(VCE = 28 V, Poyt = 100 W, f = 175 MHz) 


Load Mismatch 
Load VSWR = a1 A All Phase Anaieel 


Saturated Output Power (VcE = 28 V, f = 175 MHz) 


SEE FIGURE 9 


No Degradation in 
Output Power 


TYPICAL CHARACTERISTICS 
100 


Collector Efficiency (VCE = 28 V, Pout = 100 W, f = 175 MHz) ic ee es | 


Xin SERIES INPUT REACTANCE (OHMS) 


B p 
E 80 ; E 80 = 
i E Zz 
=~ 60 ~ 60 x 
5 WV E o 
3 ro) SEE FIGURE 9 ta 
i 40 ti 40 5 
S 5 = 
a come | 8, fee nn 
3 OY Vcc = 28V 3 Co = 0. 
= ce i Vcc = 28V 
0 ak 0 0 = ) 
0 4 8 12 16 20 0 4 8 12 16 20 100 120 140 160 180 200 
Pin, POWER INPUT (WATTS, CW) . Pin, POWER INPUT (WATTS, CW) . f, FREQUENCY (MHz) 
Figure 1. Power input versus Figure 2. Power Input versus Figure 3. Power Gain 
Power Output Power Output versus Frequency 
(Class C Narrowband) (Class B Narrowband) (Class C Narrowband) 
12 Sx 
SEE FIGURE 10 ri 3 
nN x= 
S _ 10 S 
: stl | : 
fs Z 3 eee a Fs 
o md n 
: elt 
a i 
: ee : 
fa bf — 
B & a[_ Po = 0W @28V 2 
my Pp = 80W@24V Fe 
se 
0| ae 2 
100 115 130 bons 160 100 125 150 175 200 
Ic, COLLECTOR CURRENT (AMPS) f, FREQUENCY (MHz) f, FREQUENCY (MHz) 
Figure 4. Cutoff Frequency Figure 5. Power Gain Figure 6. Series Input Impedance | 
versus Current versus Frequency versus Frequency 
(Broadband) ; 


Ic, COLLECTOR CURRENT (AMPS) 


Rec, THERMAL RESISTANCE (°C/W) 


“0 40 80 120 160 200 
Tc, CASE TEMPERATURE (°C) Vcg, COLLECTOR VOLTAGE (VOLTS) 


Figure 7. Thermal Resistance Figure 8. DC Safe Operating Area 
versus Case Temperature 
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J01006 


C1 — 8-60 pF ARCO 

C2 — 3~35 pF ARCO 

C3 — 30 pF UNELCO 

C4, C7, C9, C10, C11 — 1000 pF UNELCO 
C5 — 110 pF UNELCO 

C6 — 120 pF UNELCO 

C8 — 40 pF UNELCO 

C12 — 25 pF Electrolytic 


. D1— DSR 5050 
~ L1—5 turns, 0.125” diameter #22 AWG 


NOTE: For Class A replace D1 with 1 0 resistor 
and bias accordingly. 


C13 — 350 pF UNELCO' 
C14 — 300 pF UNELCO 


L2, L4 — 3 Ferrite beads 

Ri — 120 

T1 — 0.075” diameter semiridged 10 0 co-ax 
T2 — 0.075” diameter semiridged 25 0 co-ax 


Figure 9. Narrowband Test Circuit (100-180 MHz) 


VBB 


C1 — 50 pF UNELCO 

C2 — 350 pF UNELCO 

C3, C6, C9, C12, C14 — 1000 pF UNELCO 
C4, C10, C13 — 0.1 uF disc 

C5, C15 — 30 pF UNELCO 

C7 — 0-18 pF #402 ARCO 

C8 — 300 pF UNELCO 

C11 — 100. pF Electrolytic 

D1 — DSR 5050 


NOTE: For Class A replace D1 with 1 © resistor 
’ and bias accordingly. 


L1 — 4 turns, 0.125” diameter #22 AWG 

L2, L3, L4 — 3 Ferrite Beads on #22 AWG 

L5 — 0.08” wide ribbon, 0.25” long 

L6 — 0.08” wide ribbon, 0.125” long 

R1 — 50 0 

T1 — 1” long twisted pair #22 AWG 

T2 — 0.075” diameter semiridged 25 2 co-ax, 
2” long (Balun transformer) 


Figure 10. Broadband Test Circuit (100-160 MHz) 
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MOTOROLA RF DEVICE DATA 


J01006 


Pout: POWER OUTPUT (WATTS) 


f = 180 MHz 
Icg = 4A 


0 1 2 3 4 5 6 7 8 9 10 11 12 13 14. dB STEPS 
0.25 0.5 1 2 4 WATTS 


Pin, POWER INPUT (WATTS + dB STEPS) | 


Figure 11. Power Input versus Power Output 
(Class A Narrowband) 


DIVIDE BY Ic2 TO OBTAIN | 
METAL LIFETIME IN HOURS. 


Conditions: 


\ 
N Po = 100W 
a Ne = 60% 
= G7 =74dB 
= Tc = 45°C 
e 6jC = 1.25 
a VcE = 28V 
= Pois = 87 W 
[oa 
S Ty = 150°C 
2 MTTF Factor = (1 x 107 hrs.) (amp2) 
LL 
7 2 
f MTTE (hr) = (1x 10/ hrs) (amp¢) 
= (5.95 amp) 
= 2.8 x 10° hrs 
= 32 yrs 


80 100 120 140 160 180 200 220 
Tc, JUNCTION TEMPERATURE (°C} 


Figure 12. MTTF Factor versus Junction Temperature 


MOTOROLA RF DEVICE DATA 
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MOTOROLA 


a SEMICONDUCTOR | 
TECHNICAL DATA 


The RF Line JO2015A 
UHF Power Transistor 


The JO2015A is an internally matched NPN silicon UHF power transistor. Its multicell 
design allows optimum heat dissipation and operating efficiency. A slotted-grid finger 50 W — 400 MHz 
structure assures uniform current injection. Ruggedability and long-term reliability are ; UHF POWER 
guaranteed by unique, diffused silicon ballasting resistors coupled with a refractory-gold TRANSISTOR 
passivated metallization system. 


e 50 W — Pout (65 WwW — Psat) 
28 V— Vcc 
225-400 MHz 


Internally Matched 
Gold Metallization 


-500 J ZERO 
CASE 316A-01, STYLE 1 


MAXIMUM RATINGS 


Collector Current — Continuous - 


200 
—65 to +200 °C 


OFF CHARACTERISTICS 
Collector-Emitter Breakdown Voltage (Ic = 50 mA, Ip = 0) V(BR)CEO 
Collector-Base Breakdown Voltage (Ic = 100 mA, Ig = 0) V(BR)CBO. 


Emitter-Base Breakdown Voltage (IE = 5 mA, Ic = 0) V(BR)EBO 3.5 
ON CHARACTERISTICS 


Se 


DYNAMIC CHARACTERISTICS 
FUNCTIONAL TESTS 


Common-Emitter Amplifier Power Gain 
(VCE = 28 V, Poyt = 50 W, f = 400 MHz, Iq = 100 mA) 


Collector Efficiency 
(VCE = 28V, Iq = 100 mA, Pout = 50 W, f = 400 MHz) 


Load Mismatch 
(VCE = 28 V, Poyt = 50 W, f = 400 MHz, 
Load VSWR = 10:1, All Phase Angles) 


Saturated Output Power (VcE = 28 V, f = 400 MHz, Iq = 100 mA) 


No Degradation in 
Output Power 


MOTOROLA RF DEVICE DATA 
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MOTOROLA 
22 SEMICONDUCTOR SEE 
TECHNICAL DATA 


The RF Line 


NPN Silicon 
UHF Power Transistor 


The JO2017 is an internally matched NPN silicon UHF power transistor. Its multicell 
‘design allows optimum heat dissipation and operating efficiency. A slotted-grid finger 
structure assures uniform current injection. Ruggedness and long-term reliability are 
guaranteed by unique, diffused silicon ponasting s) resistors coupled with a refractory- 
gold-passivated metallization system. | 


® 65 W Po (Typ) 
®23VVcc 

@ 410-440 MHz 

® Internally Matched 
@ Gold Metallization 


23 VOLT 
440 MHz 
UHF POWER TRANSISTOR 
NPN SILICON 


.500 J ZERO 
CASE 316A-01, STYLE 1. 


MAXIMUM RATINGS 


ine 
| Verjceo | 
Emitter-Base Breakdown Voltage (I—E = 5 mA) 
ON CHARACTERISTICS 


[De Curent Gain Woe = tow SCSC~*~“~*‘“*~dCSC‘aS*dSC YC Cd 


DYNAMIC CHARACTERISTICS 
FUNCTIONAL TESTS 


Output Power (VcE = 23 V, Pare = 60 W, f = 440 MHz, Pin = 12 W) 
Efficiency 
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TYPICAL CHARACTERISTICS 


JO2017 
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Figure 4. Load impedance versus Frequency 


Figure 3. Input Impedance versus Frequency 
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Figure 5. Collector-to-Base Capacitance versus Voltage 
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JO2017 


C16 +: VEE 
= a ee) 
7 oe ow] a Lew 
C14 wae cated ee 
L6 a 
| C7 | co C11 es 
C4 C5 sg | % _ OUTPUT 
— : 500 


f L4 L5 . 1 


3 & J. C8 C10 C12 


C2 C3 C6 
fa we, ote 
ye ’ Z 
Vec = 12.5V 
f = 440 MHz 
C1-—C13 — Capacitor 1 nF UNELCO C16 — Capacitor Ceramic 0.1 «F 
C2-C10 — Capacitor 1.5-20 pF ARCO 402 C17 — Capacitor Electrolytic 47 wF 40 V 
C3 — Capacitor 4-40 pF ARCO 403 L1 — Coaxial Cable 25 OL = 110 mm 
C4 — Capacitor 25 pF UNELCO L2 — Copper Strip 12 x 6 mm Th: 50 wm 
C5-C6 — Capacitor 47 pF UNELCO L3 — Molded Inductor 4.7 wH 
C7-C8 — Capacitor 40 pF UNELCO L4 — Copper Strip 8 x 6 Th: 50 wm 
C9 — Capacitor 10 pF UNELCO L5 — Air Spin 12 mm @ 1 mm 
C11 — Capacitor 5 pF UNELCO L6 — 2 Turns on ID 6 mm/1 mm core 
C12 — Capacitor 1-7 pF ARCO 400 L7 — 5 Turns Around Ferrite Bead 
C14-C15 — Capacitor 1 nF UNELCO Ti — RF Transistor JO2017 


Figure 7. 440 MHz Test Circuit 
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MOTOROLA 
SEMICONDUCTOR mam 
TECHNICAL DATA 


JO03037 
The RF Line 


NPN Silicon 


‘ower Transistor 37 W — 512 Mitz 
| | | . 7 oe RF POWER 
. designed primarily for 12.5 Volt wideband, large-signal amplifier applications in TRANSISTOR 


industrial and commercial FM equipment operating to 512 MHz. NPN SILICON 


® Specified 12.5 Volt, 470 MHz Characteristics: 
Output Power — 37 Watts 
Gain — 4.9 dB, Min 
Efficiency — 60%, Typ 
@ Internally Matched for Broadband Operation 
@ Tested for Load Mismatch Stress - 
@ Gold Metallization for Improved Reliability 
® Diffused Ballast Resistors 


.500 J ZERO 
CASE 316A-01, STYLE 1 


MAXIMUM RATINGS 


Collector Current — Continuous 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


Operating Junction Temperature 


THERMAL CHARACTERISTICS 


Thermal Resistance, Junction to Case R@JC 


ELECTRICAL CHARACTERISTICS 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage (Ic = 50 mA, Ip = 0) | Vericeo | 6 S| CO sd 
Collector-Base Breakdown Voltage (Ic = 50 mA, IE = 0) ee ee 
Enver Bese Breakdown Votege le = SmAlc=0 | Werieso | @ | — | — | var 
[collector Cute Current Vee = 18V\Voe=0 «dices =] *«Y 0 «de 


ON CHARACTERISTICS 


FUNCTIONAL TESTS 


Common-Emitter Amplifier Power Gain 
(VCE = 12.5 V, Pin = 12 W, f = 470 MHz) 


Collector Efficiency 
(VCE = 12.5 V, Pout = 37 W, f = 470 MHz) 


Load Mi t 
oa ismatch No Degradation in 


Output Power 


(VCE = 15.5 V, Pin = 12 W, f = 470 MHz, 
Load VSWR = 20:1, All Phase Angles) 
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MOTOROLA | 


a SEMICONDUCTO 
TECHNICAL DATA 


JO3501 

Fe ae a a nt JO3502 

The RF Line | gh  PTE8O1 
NPN Silicon | 


UHF Power Transistors | -—2.W, 15 W, 35 W 
"oot 8 : ms | : _ 960MHz — 
... designed. for 24 Volt UHF large-signal applications in industrial and commercial FM - UHF POWER. 
equipment operating at frequencies to 960 MHz. ‘ TRANSISTORS | 
— @ Specified 24 Voit, 960 MHz Characteristics: NPN SILICON 
| PTE801 JO3501  J03502 = 
Output Power 2W 15 W 35 W 
Gain, Min 9 dB 9.2 dB 7.7 dB 
Efficiency —— 4B% 55% 55% 


Configuration C.E. C.B: C.B. 
@ Gold Metallization for Improved Reliability | 
@ Diffused Ballast Resistors . 


CASE 828-01, STYLE 1. 
JO3501 


MAXIMUM RATINGS P es i 53 
__ Rating | Symbol |PTE801| | Unit _| CASE 319C-01, STYLE 1 
3 Vdc 


00. 
—65 to +150 °C 


THERMAL CHARACTERISTICS 


.200 SOE 


Characteristic Symbol | Max | Unit CASE 305B-01, STYLE 1 
PTE801 
Thermal Resistance, Junction to Case RgJc | 22 | 46 | 23 | °C/W 


MOTOROLA RF DEVICE DATA 
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J03501, JO3502, PTE801 


ELECTRICAL CHARACTERISTICS 


Characteristic Symbol 


Collector-Emitter Breakdown Voltage V(BR)CEO 
(Ic = 5 mA, Ip = 0) PTE801 
- 5 mA, Ip = 0) JO3501 
25 mA, Ip = 0) JO3502 


Collector-Emitter Breakdown Voltage V(BR)CES 
(Ic = 5 mA, Vege = 0) PTE801 | 
25 mA, VBE = 0) | JO3501 
25 mA, VBE = 0) 2 JO03502 


Emitter-Base Breakdown Voltage V(BR)EBO 
= 1mA, Ic = 0) PTE801 
. 5 mA, Ic = 0) JO3501 . 
5 mA, Ic = 0) JO03502 . 


Collector Cutoff Current PTE801 
(VceE = 25 V, VBE = 0) JO3501 


JO3502 
ON CHARACTERISTICS 


DC Current Gain - 
(i¢ = 100 mA, VcgE = 5 V) PTE801 
(ic = 1A, Vege = 5 V) JO3501 
(ic =1A,VceE=5V) | JO3502 


FUNCTIONAL TESTS 


Common-Emitter Amplifier Power Gain PTE801 
(VcE = 24V, Pout = 2 W, f = 960 MHz) . 


Common-Base Amplifier Power Gain 
“(VcE = 24V, Pout = 15 W, f = 960 MHz) JO3501 
(VCE = 24V, Pout = 35 W, f = 960 MHz) JO3502 


Collector Efficiency 
(VcE = 24V, Pout = 2 W, f = 960 MHz) PTE801 
(VcE = 24V, Pout = 15 W, f = 960 MHz) JO3501 
(VcE = 24V, Pout = 35 W, f = 960 MHz) JO3502 
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MOTOROLA 
me SEMICONDUCT( 
TECHNICAL DATA 


-JO4036 
The RF Line | 


NPN Silicon 


VHF Power Transistor | | 36 W— 175 MHz 
. so, RF POWER 
... designed primarily for 12.5 Volt wideband, large-signal amplifier applications in | TRANSISTOR 


industrial and commercial FM equipment operating to 175 MHz. | _ NPN SILICON 


®@ Specified 12.5 Volt, 175 MHz Characteristics: 
Output Power — 36 Watts 
Gain — 7.8 dB, Min 
® Internally Matched for Broadband Operation 
@ Tested for Load Mismatch Stress 7 
@ Gold Metallization for Improved Reliability 
e Diffused Ballast Resistors 


.500 J ZERO 
CASE 316A-01, STYLE 1 


MAXIMUM RATINGS 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


Operating Junction Temperature 
Storage Temperature Range . . 


THERMAL CHARACTERISTICS 


Characteristic 


Thermal Resistance, Junction to Case 


ELECTRICAL CHARACTERISTICS 


Symbol | Min | Typ | Max | Unit | 
OFF CHARACTERISTICS 
V(BR)CEO 


FColletorCutoft Gument Vee = 15V,Vee=0 ———*dt_sees-—«| SO 


FUNCTIONAL TESTS 


Common-Emitter Amplifier Power Gain 
(VCE = 12.5 V, Pin = 6 W, f = 175 MHz) 


Load Mismatch 
(VCE = 15.5 V, Pin = 6 W, f = 175 MHz, 
Load VSWR = 20:1, All Phase Angles) 


Input Return Loss . 
(VCE = 12.5 V, Pin = 6 W, f = 175 MHz, Circuit in Figure 7) 


No Degradation in 
Output Power 


MOTOROLA RF DEVICE DATA 
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J04036 


TYPICAL CHARACTERISTICS 
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Figure 2. Output Power versus Input Power 
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Figure 1. Output Power versus Frequency 
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Figure 4. Series Input Impedance versus Frequency 


ar ee (MHz) 


x 
PEREREREE Oe 
BREED? EREES 


Figure 3. Collector Efficiency versus Frequency 
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Figure 6. Output Capacitance versus Voltage 
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Figure.5. Series Load Impedance versus Frequency 
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J04036 


Vcc = 12.5V 


C1, C2 — 25 pF 
C3, C4 — 80 pF 
C5 — 250 pF 
C6 — 200 pF 
C7 — 150 pF 
C8 — 100 pF 


C9, C10 — 40 pF 


.C11 — 25 pF 


C12, C13 — 1000 pF 
C14 — 0.001 pF 
C15 — 0.01 uF 

C16 — 25 pF 


~ L1— 2T 18 AWG .2” dia. 


C1 — 25 pF 

C2, C4 — 80 pF 
C3 — 30 pF 

C5 — 250 pF 
C6 — 200 pF 

C7 — 150 pF 
C8 — 100 pF 

C9, C10 — 40 pF. 
C11 — 10 pF 
C12, C14 — 1000 pF 
C13 — 15 pF 


C15 — 5 wF 25 V 


L2 — .2" hairpin .125” wide x .025 thick copper strip 

L3 — .1” x .2” wide x .005” thick copper loop 

L4 — .3" hairpin 18 AWG 

L5 — 3T 18 AWG, .2” dia. 

L6 — 4T 18 AWG, .2" dia. 

RFC — 2-1/2T on VK-211-07/38 ferroxcube 

T1 — .2” width .5” length from package as ref. 

T2 — .2" width .4” length from package as ref. 

NOTES: 

1. All capacitors in signal path are Underwood Electric Corp. 
Case Type J101. 

2. Position C5 and C6 as close to pkg. as possible. 


Figure 7. Broadband Test Fixture 


a 


MOTOROLA RF DEVICE DATA 


C16 — 0.001K Disc 

C17 — 0.01 uw 1KV Disc 

L1 — 2T .2” dia. 18 AWG .250" long 

L2 — .2” hairpin .125” wide x .025 thick 
RFC1 — 2-1/2T on VK-211-07/3B ferroxcube 
L3 — .3” hairpin #18 AWG 

L4 — 3T .2" dia. #10 AWG .500” long 

L5 — AT .2" dia. #18 AWG .400" long 

L6 — .5” x .2” 

L7 — .4"x .2” 

L8 — .1” x .2” wide x .005” thick 

Material: .062” Epoxy Board, Copper Clad — 2 Sides 


Figure 8. Test Fixture Component Layout 
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MOTOROLA 


za SEMICONDUCTOR Sos 
TECHNICAL DATA 


J04045 
The RF Line 


NPN Silicon 


VHF Power Transistor 45 W — 175 MHz 
RF POWER 
... designed primarily for 12.5 Volt wideband, large-signal amplifier applications in TRANSISTOR 


industrial and commercial FM equipment operating to 175 MHz. NPN SILICON 


@ Specified 12.5 Volt, 175 MHz Characteristics: 
Output Power — 45 Watts 
Gain — 6.5 dB, Min 
e Internally Matched for Broadband Operation 
e Tested for Load Mismatch Stress 
© Gold Metallization for Improved Reliability 
@ Diffused Ballast Resistors 


.500 J ZERO 
CASE 316A-01, STYLE 1 


MAXIMUM RATINGS 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


THERMAL CHARACTERISTICS 


Thermal Resistance, Junction to Case RgJc 1.75 


ELECTRICAL CHARACTERISTICS 


OFF CHARACTERISTICS 


[CollctorEmiter Breakdown Votage lc = 50™mA Vee 0) | Wienyces | 26 | 
[Colletor Cutoff Curent Vee = 15Vivee=0) iis | 
ON CHARACATERISTICS 

FUNCTIONAL TESTS 


Common-Emitter Amplifier Power Gain 
(VCE = 12.5 V, Pin = 10 W, f = 175 MHz) 


Load Mismatch ; fae eee 
(VcE = 15.5 V, Pi, = 10 W, f = 175 MHz, a earada io 
Load VSWR = 20:1, All Phase Angles) utput Power 


Input Return Loss 


(VCE = 12.5 V, Pin = 10 W, f = 17 


5 MHz, Circuit in Figure 7) 


MOTOROLA RE DEVICE DATA 
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J04045 


es -3 & TYPICAL CHARACTERISTICS | | 
oe a eee Tre 
ana Lo 
aC aaEp== 
ey PO TATE 
ce 
JE at 
SaPasee 
ee 


60 


Pout OUTPUT POWER (WATTS) 
Pout, OUTPUT POWER (WATTS) 


135 145 155 165 175 0 5 10 15 
f, FREQUENCY (MHz) . Pin, INPUT POWER (WATTS) 


Figure 1. Output Power versus Frequency Figure 2. Output Power versus Input Power 
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Figure 5. Series Load Impedance Figure 6. Output Capacitance 
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JO04045 


Vcc = 12.5V 


Ter 


C1, C2 — 25 pF L2 — .2” hairpin 125” wide x .025 thick copper strip 


C3, C4 — 80 pF L3 — .1"” x .2” wide x .005” thick copper loop 
. C5 — 250 pF L4 — .3” hairpin 18 AWG 
C6 — 200 pF L5 — 3T 18 AWG, «2” dia. 
C7 — 150 pF L6 — 4T 18 AWG, .2" dia. 
C8 — 100 pF RFC — 2-1/2T on VK-211-07/38 ferroxcube 
C9, C10 — 40 pF T1 — .2” width .5” length from package as ref. 
C11 — 25 pF T2 — .2” width .4” length. from package as ref. 
C14 — 0.001 nF 1. All capacitors in signal path are Underwood Electric Corp. 
C15 — 0.01 wr Case Type J101. 
C16 — 25 pF 


(1 — 2T 18 AWG .2” dia. 2. Position C5 and C6 as close to pkg. as possible. 


Figure 7. Broadband Test Fixture 


177mm 


56.5mm 


113mm 


saat 


C1 — 25 pF C16 — 0.001K Disc 

C2, C4 — 80 pF C17 — 0.01 » 1KV Disc 

C3 — 30 pF . L1 — 2T .2” dia. 18 AWG .250” long 

C5 — 250 pF L2 — .2” hairpin .125” wide x .025 thick 
C6 — 200 pF RFC1 — 2-1/2T on VK-211-07/3B ferroxcube 
C7 — 150 pF L3 — .3” hairpin #18 AWG 

C8 — 100 pF L4 — 3T .2” dia. #10 AWG .500” long 
C9, C10 — 40 pF L5 — 4T .2” dia. #18 AWG .400” long 
C11 — 10 pF L6 — .5" x .2” 

C12, C14 — 1000 pF L7 — .4"x .2” 

C13 — 15 pF L8 — .1" x .2” wide x .005” thick 


C15— 5 uF 25V 


Material: .062” Epoxy Board, Copper Clad — 2 Sides 


Figure 8. Test Fixture Component Layout 
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MOTOROLA 


TECHNICAL DATA | 


The RF Line 
NPN Silicon | 
High Frequency Transistor 


-LT1001A 


Ic = 200 mA 


a | mee ; Pee ee a, HIGH FREQUENCY 
... designed for ultra-linear communications or instrumentation applications. Low noise ~ TRANSISTOR 


figure combined with high-output capability gives this device an exceptional dynamic NPN SILICON 
range. Gold metallization and diffused emitter ballasting are combined to achieve the . | 
high reliability demanded by the most severe communications requirements. High gain 
makes this transistor ideal for broadband applications. 


® Low Noise — 2.5 dB Typ @ f = 300 MHz | 

® High Gain — |S21|2 Typ = 13.5 dB @ f = 300 MHz 

® Low Distortion — ITO = 45 dBm Typ @ f = 300 MHz 
® Gold Metallization 

@ Diffused Ballast Resistors 


T0-39 
CASE 79-04, STYLE 1 


MAXIMUM RATINGS 


~65 to +200 


ELECTRICAL CHARACTERISTICS 


Pharr ——=SSSCS*~*~*”rC tt ||| 
OFF CHARACTERISTICS 

[cover Cwot Curent Veg 10Viie=0 ———~dYCiego | 

ON CHARACTERISTICS 


DYNAMIC CHARACTERISTICS 


(continued) 
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ELECTRICAL CHARACTERISTICS — continued 


FUNCTIONAL TESTS 


Noise Figure, Minimum (VcE = 8 V, Ic = 50 mA, f = 300 MHz) 


Cutoff Frequency (Vcg = 14 V, Ic = 90 mA) 
Maximum Unilateral Gain (VceE = 14 V, Ic = 90 mA, f = 300 MHz) GUMaAx 


a 

fe 

. ee 
Insertion Gain (VcE = 14 V, Ic = 90 mA, f = 300 MHz) | saz | — | 
oee 


Output Power @ 1 dB Compression . | Pot dB 
(VcE = 14V, Ic = 90 mA, f = 300 MHz) 


Third Order Intercept (VcE = 14 V, Ic = 90 mA, f = 300 MHz) . 


TYPICAL CHARACTERISTICS 


é 5 
e S 
S a) 
Is S 
= fg 
E Le 
aoe | ‘i 
S © 
4 — 
oO © 
a ~ 

50 100 150 200 

Ic, COLLECTOR CURRENT (mA) Ic, COLLECTOR CURRENT (mA) 

Figure 1. Third Order Intercept and 1 dB Compression Figure 2. Gain-Bandwidth Product versus 
versus Current Collector Current 
8 24 20 


NF, NOISE FIGURE (dB) 
oi 


Gang, GAIN AT NOISE FIGURE (dB) 
GUyyqy, MAXIMUM UNILATERAL GAIN (dB) 


01 015 02 03 0405 07 091 50 100 150 200 
f, FREQUENCY (GHz) Ic, COLLECTOR CURRENT (mA) 
Figure 3. Noise Figure and Associated Gain Figure 4. GUm AX Versus Collector Current 


versus Frequency 
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= 
a VcE = 8V > 
S f = 300 MHz = 
w | | ae 
5 B 
a a 
a 3 
9 = 
— >$ 
= = 
| & 

| 0° 50 100 150 200 

Ic, COLLECTOR CURRENT (mA) | , -Tc, CASE TEMPERATURE (°C) 

Figure 5. Noise Figure versus Collector Current . Figure 6. Dissipation versus Temperature | 
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ie peel = THIS DEVICE HAS AN 
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1 L ™ 
003 0.5 1 2-3 4 6 810 15 2025 0 50 100 150 200 
Veb, COLLECTOR-BASE VOLTAGE (V) . Ic, COLLECTOR CURRENT (mA) 
Figure 7. Junction Capacitance versus Voltage Figure 8. Collector Saturation Characteristics 


Frequency (MHz) yf __Su___| sy | se | sae | kd 


VCE = 8 V,i¢c = 50 mA 


VcE = 14 V, lc = 99 mA 


Figure 9. Common Emitter S-Parameters 
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MOTOROLA 


1 SEMICONDUCTOR sam 
TECHNICAL DATA 


LT1739 
mae FF Line 


Silicon 


quency Transistor fr = 900 MHz MIN 

. HIGH FREQUENCY 
. specifically designed for CRT driver applications requiring high frequency and high TRANSISTOR 
voltage, such as high resolution color graphics video monitors. NPN SILICON 


® High Voltage — ViBR)CBO = 100 V Min 

® High Cutoff Frequency — f,; = 900 MHz Min 

® Low Output Capacitance - — Cob = 2.5 pF Max @ Vcp = 19 V 
® Gold Metallization 


TO-39 
CASE 79-04, STYLE 1 


MAXIMUM RATINGS 


ELECTRICAL CHARACTERISTICS 


aa ek Se 

OFF CHARACTERISTICS 

Collector ase Breskdown Votege ic =0imAle-0 | Wamceo | 100 | — | 1 

[norte eadownvote te =O1m c= [ Waneso [3 [=| =} 
er aes 
eel wo 


Collector Cutoff Current (Vcgp = 70 V, IE = 0) ICBO 
ICES 


Collector Cutoff Current (Vce = 70 V, VBE = 0) 
ON CHARACTERISTICS . 
DC Current Gain (Ic = 50 mA, Vce = 5 V) 
Collector-Emitter Saturation Voltage (Ic = 50 mA, Ip = 5 mA) 
DYNAMIC CHARACTERISTICS . 
Collector-Base Capacitance Wen = 15V, IE = 0, f = 1 MHz) 
FUNCTIONAL TESTS — | | . 
Cutoff Frequency (VcE = 15 V, Ic = 50 mA, f = 250 MHz): 


Insertion Gain (VcE = 10 V, Ic = 50 mA, f = 200 MHz) 
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LT1739 


TYPICAL CHARACTERISTICS 


| Vce = 10V 


= 
fy = 250 MHz = 
— 
rr 
a oe 
s 3 
= | [a am 
S e 
5 ra 
o 5 
oc oO 
Te 2S 
o 
— 
aa ] 
(a) 
_& 
Vcg, COLLECTOR-EMITTER VOLTAGE (V) 
Figure 2. Safe Operating Area _ 
2 4 «26 80 100 © 120 
Ic, COLLECTOR CURRENT (mA) 
Figure 1. Gain Bandwidth Product versus 
Collector Current 
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Veb, COLLECTOR-BASE VOLTAGE (V) 


1 
To, CASE TEMPERATURE (°C) 


Figure 3. Power Dissipation versus Temperature 
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Figure 4. Junction Capacitance versus Voltage | 


MOTOROLA 


a SEMICONDUCTOR 
TECHNICAL DATA 


LT1814 
The RF Line | 


NPN Silicon 


ligh Frequency Transistor eee 
' HIGH FREQUENCY 


... Specifically designed for CRT driver applications requiring high voltage and high TRANSISTOR 
frequency, such as high resolution color graphics video monitors. NPN SILICON 
@ High Voltage — V(BR)CEO = 120 V Min 
High Cutoff Frequency — f; = 1000 MHz Min 
Low Output Capacitance — Cop = 2.5 pF Max @ Vcp = 15 V 
GP-14 
CASE 401-01, STYLE 1 


Gold Metallization 
Hermetic SOE Package 


MAXIMUM RATINGS 


ELECTRICAL CHARACTERISTICS 


[SC racernie —SSSSS*~dCS tt [Mn || 


OFF CHARACTERISTICS 


Collector-Base Breakdown Voltage (Ic = 0.1 mA, Ip = 0) V(BR)CBO 
Emitter-Base Breakdown Voltage (Iz = 0.1 mA, Ic = 0) V(BR)EBO 
Collector Cutoff Current (VcE = 80 V, Vee = 0) ICES 


Collector Cutoff Current (Vcp = 80 V, Ie = 0) — IcBo 
ON CHARACTERISTICS 


DC Current Gain (Ic = 50 mA, VcE = 5 V) 


Collector-Emitter Saturation Voltage (Ic = 50 mA, Ip = 5 mA) 
DYNAMIC CHARACTERISTICS _ ' 

Collector-Base Capacitance (Vcg = 15 V, Ip = 0, f = 1 MHz) | Cp | — | — | 4 | ow | 
FUNCTIONAL TESTS 


Maximum Oscillation Frequency fMAX 2 
(VcE = 10 V, Ic = 80 mA, f = 200 MHz) 
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_ TYPICAL CHARACTERISTICS 


Vce = 10V < 
fy = 250 MHz = 
2 400 
fe 
Bs = 300 | 
S Ss | 
S | 
S i 200 | 
3 3 
or 100 | 
tr | 
5 rr er er ar a er 
we Vee, COLLECTOR-EMITTER VOLTAGE (V) 
Figure 2. Safe Operating Area 
Ic, COLLECTOR CURRENT (mA) 
Figure 1. Gain Bandwidth Product versus 
Collector Current 
eho on ee es 
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Figure 4. Junction Capacitance versus Voltage 


50 100 2»~=150—SSt«00 
Te, CASE TEMPERATURE (°C) 


Figure 3. Power Dissipation versus Temperature 


MOTOROLA RF DEVICE DATA 


2-195 


MOTOROLA 
m2 SEMICONDUCTOR EEE 
TECHNICAL DATA 


LT1817 
The RF Line 


NPN Silicon 


gh Frequency Transistor fy = 1000 MHz MIN 
HIGH FREQUENCY 
... specifically designed for CRT driver applications requiring high voltage and high TRANSISTOR 
frequency, such as high resolution color graphics video monitors. NPN SILICON 
@ High Voltage — V(pR)CcBO = 120 V Min 


High Cutoff Frequency — f; = 1000 MHz Min 

Low Output Capacitance — Cop = 2.5 pF Max @ Vcp = 15 V 
Gold Metallization 

Common Base Configuration 


TO-117A 
CASE 244D-01, STYLE 2 


MAXIMUM RATINGS 

Pemiverdase Vonage —~=SC~*~“~‘“~*“~*S*~*~*~*~*~*rSC |e 
a 
a 


ELECTRICAL CHARACTERISTICS 


PC Characterio——=SSSC*drC tte Ue 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage (Ic = 1 mA, lg = 0) V(BR)CEO 
Collector-Base Breakdown Voltage (Ic = 0.1 mA, Ig = 0) V(BR)CBO 
3 


io) 


ON CHARACTERISTICS 


DC Current Gain (ic = 50 mA, VcgE = 5 V) 20 
Collector-Emitter Saturation Voltage (Ic = 50 mA, Ip = 5 mA) VCE(sat) 


DYNAMIC CHARACTERISTICS 
ColetorBase Capactance Wee = eWie=aF=tmio | ep | — | — | 2 | oF | 
FUNCTIONAL TESTS 


insertion Gain (VcgE = 10 V, Ic = 50 mA, f = 200 MHz) 
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TYPICAL CHARACTERISTICS 
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tie 
0.5 
20 40 60 80 100 120 
Ic, COLLECTOR CURRENT (mA) 
Figure 1. Gain Bandwidth Product versus 
Collector Current 
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Tc, CASE TEMPERATURE (°C) 


Figure 3. Power Dissipation versus Temperature 


Ic, COLLECTOR CURRENT (mA) 


Cob, CAPACITANCE (pF) 


0 2 30 4 #50 60 70 
Vee, COLLECTOR-EMITTER VOLTAGE (V) 


Figure 2. Safe Operating Area 
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Vel» COLLECTOR-BASE VOLTAGE (V) 


Figure 4. Junction Capacitance versus Voltage 
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=a SEMICONDUCTOR [es 
TECHNICAL DATA 


LT1839 
The RF Line 


NPN Silicon 


High Frequency Transistor ei aquonne ain 
HIGH FREQUENCY 
... specifically designed for CRT driver applications requiring high frequency and high TRANSISTOR 


voltage, such as high resolution color graphics video monitors. NPN SILICON 


® High Voltage — VipR)CBO = 120 V Min 
High Cutoff Frequency — f; = 1000 MHz Min 
Low Output Capacitance — Ceph = 2.5 pF Max @ Vcp = 15 V 


Gold Metallization | He 


TOQ-38 
CASE 79-04, STYLE 1 


MAXIMUM RATINGS 


Collector-Emitter Voltage 


[colesorseseVotege SSSCSC~“‘“‘“~*‘“‘*~*~*~*dC SSC 
TEmitersase Votage —SSSSCSCSC~‘“‘“~*~*‘“‘“‘“‘;™SSC*dtCew = «CC 
[catestorCurtent— Continuous ——SSCSC~C“~*~*~‘“—*~“*~*~*~*dCSCSiCSC*dSCSS idm 
[Operating unetion Temperawre —SSSCSC“‘“‘“*S*S*SC*SSNSCdSSSCSSC 
[Storage Temperature Renge SSSCSC~C~“‘“‘“*S*™S*S*S™S™S™SCS~*dCtg™~«dCC tw HOY 
ELECTRICAL CHARACTERISTICS 
Characters «dmb | in | To | Mo [Un 
OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage (ic = 1 mA, Ip = 0) 


Collector-Base Breakdown Voltage (Ic = 0.1 mA, Ig = 0) 
Emitter-Base Breakdown Voltage (IE = 0.1 mA, Ic =-0) 


| 


Collector-Emitter Saturation Voltage (Ic = 50 mA, Ip = 5 mA) 
DYNAMIC CHARACTERISTICS . 
[ olector Bese Capacitance Wop 18Viie=Of=1MHa |» | — | — |? | | 
FUNCTIONAL TESTS 
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TYPICAL CHARACTERISTICS 
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Vce, COLLECTOR-EMITTER VOLTAGE (V) 
Figure 2. Safe Operating Area 
ic, COLLECTOR CURRENT (mA) 
Figure 1. Gain Bandwidth Product versus 
Collector Current 
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Figure 4. Junction Capacitance versus Voltage , 


Tc, CASE TEMPERATURE (°C) 


Figure 3. Power Dissipation versus Temperature 
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MOTOROLA 


a SEMICONDUCTOR 
TECHNICAL DATA 


LT2001 
The RF Line 


NPN Silicon 


High Frequency Transistor | I¢ = 200 mA 
ee . HIGH FREQUENCY 
... designed for ultra-linear communications or instrumentation applications. Low noise TRANSISTOR 


figure combined with high-output capability gives this device an exceptional dynamic NPN SILICON 
range. a 

e Low Noise — 2.5 dB Typ @ f = 300 MHz 

© High Output — P91 dB = 26 dBm Typ @ f = 500 MHz 
@ Low Distortion — ITOtyp = 46 dBm @ f = 500 MHz 


MAXIMUM RATINGS 


ELECTRICAL CHARACTERISTICS 


eS 


OFF CHARACTERISTICS 
Collector-Emitter Breakdown Voltage (Ic = 5 mA, lg = 0) 


Collector-Base Breakdown Voltage (Ic = 1 mA, Ig = 0) 


Emitter-Base Breakdown Voltage (IE = 0.1 mA, Ic = 0) V(BR)EBO iL Bibs | 
Collector Cutoff Current (Vcp = 10 V, IE = 0) ICBO pm | 


ON CHARACTERISTICS | 


DYNAMIC CHARACTERISTICS 
Collector Gave Cepactence Wea = 10Vie=0f= iwi [co [| — | 12 | - | 
FUNCTIONAL TESTS : : a” 


Noise Figure, Minimum (Vcg = 8 V, Ic = 50 mA, f = 300 MHz) 


Cutoff Frequency (Vce = 14 V, Ic = 90 mA) 
Maximum Unilateral Gain (Vcg = 14 V, Ic = 90 mA, f = 500 MHz) GUMAX 


= 
a 
poe 
Tinserion Gain Vee = Wiig = 90 mAF=s00MH) —_——~(| iB? | — 
en 


Output Power @ 1 dB Compression | Poi dB - 
(VcE = 14V, Ic = 90 mA, f = 500 MHz) 


Third Order Intercept (VcE = 14 V, Ic = 90 mA, f = 500 MHz) | 


MOTOROLA RF DEVICE DATA 
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T2001 


Vce = 14V or. 
~€ - | f = 500 MHz - 6 
3 is) 
Pa fa 
= 3 
e z 
e a 
= 5 
2 5 
ec 1 dB COMPRESSION a 
a? ~~ 
0 60 | 100 150 200 50 = 100 150 200 
Ic, COLLECTOR CURRENT (mA) Ic, COLLECTOR CURRENT (mA) 
Figure 1. Third Order Intercept Figure 2. Gain-Bandwidth Product versus 
and 1 dB Compression versus Current Collector Current . 
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~ GaNr, GAIN AT NOISE FIGURE (dB) 
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RO 


NF, NOISE FIGURE (dB) 


CUMAX: MAXIMUM UNILATERAL GAIN (dB) 


4 4 
0.1 0.15 0.2 03 04 05 0.6 0.70.80.91 50 100 150 200 
f, FREQUENCY (GHz) lc, COLLECTOR CURRENT (mA) 
Figure 3. Noise Figure and Associated Figure 4. Guy, AX Versus Collector Current 

Gain versus Frequency | 
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VcE = 8V = 
f = 500 MHz z 
g = 
# 8 
D = 
Oo 

= 2 
2 (aa) 
Qa. 

50 100 150 200 

Ic, COLLECTOR CURRENT (mA) Tc, CASE TEMPERATURE (°C) 

Figure 5. Noise Figure versus Collector Current Figure 6. Dissipation versus Temperature 
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Coby Co — CAPACITANCE (pF 


fe eas 


Vce, COLLECTOR-EMITTER VOLTAGE (mV) 


INTERNAL EMITTER 


12 200 BALLAST RESISTOR 
| OF 1.5 OHMS 
1 — 
003 05 1 2 3 456 8 * 15 20 25 0 50 100 150 200 
Veb, COLLECTOR-BASE VOLTAGE (V) . Ic, COLLECTOR CURRENT (mA) 
Figure 7. Junction Capacitance versus Voltage Figure 8. Collector Saturation Voltage 


versus Current 


Vcr = 44, i= 90 mA 


Zea 9. Common Emitter S-Parameters 


MOTOROLA RF DEVICE DATA 


2-202 


MOTOROLA 
TECHNICAL DATA 


. LT3005 
The RF Line 7 
NPN Silicon 


High Frequency Transistor ane 
: st ree , ‘ es : HIGH FREQUENCY 
... designed for ultra-linear communications or instrumentation applications. Low noise TRANSISTOR 


figure combined with high-output capability gives this device an exceptional dynamic NPN SILICON - 
range. Gold metallization and diffused emitter ballasting are combined to achieve the 
high reliability demanded by the most severe communications requirements. High gain 
makes this transistor ideal for broadband applications. 


@ Low Noise — 2.5 dB Typ @ f = 300 MHz 

High Gain — |S94|2 = 14 dB Typ @ f = 500 MHz 

High Output — P91 dB = 26 dBm Typ @ f = 500 MHz 
Gold Metallization 

Diffused Ballast Resistors 


.200 SOE 
CASE 305B-01, STYLE 1 


MAXIMUM RATINGS 


ELECTRICAL CHARACTERISTICS 


a a ce a a ee 

OFF CHARACTERISTICS | : 

[Caer Enter Sreakdown Volage Ug = BmATE= 0 | Vaneso [20 [= [= 

caer Beokiown Vohuge c= tm ie =) | Vong | av] = = 

Emitter-Base Breakdown Voltage (Iz = 0.1 mA, Ic = 0) | verieso | 6356] CU SC] Ve 

Collector Cutoff Current (Vcp = 10 V, IE = 0) ocr ee ee 
eS 


ON CHARACTERISTICS 


DYNAMIC CHARACTERISTICS 


Collctor- Base Capacitance Wop = 10V.e =O f= iM | tm [| — | a [= | 


(continued) 
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ELECTRICAL CHARACTERISTICS — continued 


[harcore ——SSSS*~dC«CS kin Tye Mae [Un 


FUNCTIONAL TESTS 
Noise Figure, Minimum (Vcg = 8 V, Ic = 50 mA, f = 300 MHz) 


Cutoff Frequency (Vcge = 14 V, Ic = 90 mA) 
Maximum Unilateral Gain (VceE = 14 V, Ic = 90 mA, f = 500 MHz) 
Insertion Gain (Vce = 14 V, Ic = 90 mA, f = 500 MHz) 


Output Power @ 1 dB Compression 
(VcE = 14V, Ic = 90 mA, f = 500 MHz) 


Third Order Intercept (VcE = 14 V, Ic = 90 mA, f = 500 MHz) 
Maximum Oscillation Frequency (Vce = 14 V, Ic = 90 mA) 
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Figure 1. Third Order Intercept and 1 dB Compression Figure 2. Gain-Bandwidth Product versus 
versus Current | Collector Current . 
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Figure 3. Noise Figure and Associated Gain Figure 4. GUyjax Versus Collector Current 


versus Frequency 
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TYPICAL CHARACTERISTICS 
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Figure 5. Noise Figure versus Collector Current Figure 6. Dissipation versus Temperature 
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Figure 7. Junction Capacitance versus Voltage _ Figure 8. Collector Saturation Characteristics 
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MOTOROLA 


m= SEMICONDUCTOR 
TECHNICAL DATA 


| LT3014 
The RF Line 
NPN Silicon 


High Frequency Transistor 


Ic = 200 mA 


; aye , ikea HIGH FREQUENCY 
... designed for ultra-linear communications or instrumentation applications. Low noise TRANSISTOR 


figure combined with high-output capability gives this device an exceptional dynamic NPN SILICON 
range. Gold metallization and diffused emitter ballasting are combined to achieve the 
high reliability demanded by the most severe communications requirements. High gain 
makes this transistor ideal for broadband applications. In addition, the LT3014 is her- 
metic, making it suitable for high reliability applications. 


High Gain — |S27|2 = 14 dB Typ @ f = 500 MHz 

Low Distortion — ITO = 45 dBm Typ 

High Output — P91 dB = 26 dBm Typ @ f = 500 MHz 
Hermetic Package 

Gold Metallization 


Diffused Ballast Resistors 


GP-14S 
CASE 401-01, STYLE 1 


MAXIMUM RATINGS 


ELECTRICAL CHARACTERISTICS 

OFF CHARACTERISTICS — 
Collector-Emitter Breakdown Voltage (Ic = 5 mA, Ip = 0) 
Coljlector-Base Breakdown Voltage (lc = 1 mA, Ig = 0) 
Emitter-Base Breakdown Voltage (IE = 0.1 mA, Ic = 0) 


a 
ae 
Collector Cutoff Current (Vcg = 10 V, Ie = 0) fF | 
| | 


ON CHARACTERISTICS 
DC Current Gain (Ic = 50 mA, VcgE = 5 V) 


Collector-Emitter Saturation Voltage (ic = 50 mA, Ic/lB = 10) 


DYNAMIC CHARACTERISTICS . 


(continued) 
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ELECTRICAL CHARACTERISTICS — continued 


FUNCTIONAL TESTS 


Noise Figure, Minimum (VcgE = 8 V, Ic = 50 mA, f = 300 MHz) 
Cutoff Frequency (VceE = 14V, Ic = 90 mA) 

Maximum Unilateral Gain (Vcg = 14 V, Ic = 90 mA, f = 500 MHz) 
Insertion Gain (VcE = 14 V, Ic = 90 mA, f = 500 MHz) 


Output Power @ 1 dB Compression 
(VcE = 14V, Ic = 90 mA, f = 500 MHz) 


Third Order Intercept (VcE = 14 V, Ic = 90 mA, f = 500 MHz) 
Maximum Oscillation Frequency (Vcge = 14 V, Ic = 90 mA) 


f = 500 MHz 


Pout, OUTPUT POWER (dBm) 
f,, CUTOFF FREQUENCY (GHe| 


0 60 100 150 200 2) os 50100 150-200 
Ic COLLECTOR CURRENT (mA) Ig COLLECTOR CURRENT (mA) 
Figure 1. Third Order Intercept and 1dB Compression  =—_— Figure 2. Gain-Bandwidth Product versus 


versus Current 


8 : tom 24 


| Collector Current 


| a | Vee=14V 
7 ae = f = 500 MHz. . 
oo = 
: ea = 
= me o. 
S 6 6 5 = , 
WW oO wi 
[om uu Ee. 
: Ie 3 
eo 2 5 
us V MOE = 
ra} < > 
: ALM, 3 : 
2 4 y 8 Ss a 
| V a = 
= = 
AMIN, § : 
3 4 3 
0.1 0.15 0.3 05. 07° 1 | 50 100-150-200 
f, FREQUENCY (GHz) Ic, COLLECTOR CURRENT (mA) 
Figure 3. Noise Figure and Associated Gain —— Figure 4. Gung AX Versus Collector Current 


versus Frequency 
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TYPICAL CHARACTERISTICS 


r Vce = 8V 
S f = 500 MHz se 
: | | = 
aa = 
S = 
fe ae 
=) wD 
@ a 
= st 
= 2 
& 
50 100 150 200 
Ic, COLLECTOR CURRENT (mA) Tc, CASE TEMPERATURE (°C) 
Figure 5. Noise Figure versus Collector Current Figure 6. Dissipation versus Temperature 
8 ——— , 800 
re ee ees Dea ee 
ee ee = 
eee eel m4 
Qa 
= ee ee = 600 
oe ee ee - 
ae a Gees ees ee ee ui 500 
= of eae = 
as a ia = 
3 o5 pf =n i 
aia (Bi 1 RN a ca S 400 
Se Bee as Cee ee re 
a oe eS = 399 THIS DEVICE HAS AN 
ae eee a ne o INTERNAL EMITTER 
S 2 BALLAST RESISTOR 
=> 
‘3 ee an OF 1.5 OHMS 
fo ae a ae al | 
003 0.5 1 2 3 4 6 810 15 2025 0 50 100 150 200 
Veb, COLLECTOR-BASE VOLTAGE (V) Ic, COLLECTOR CURRENT (mA) 
Figure 7. Junction Capacitance versus Voltage Figure 8. Collector Saturation Characteristics 


VcE = 8 V, Ic = 50 mA 


MOTOROLA RF DEVICE DATA 
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MOTOROLA 
TECHNICAL DATA 


The RF Line 


- LT3046 
NPN Silicon , 


High Frequency Transistor aa, ne. Secor 
ihe . . . : . ‘HIGH FREQUENCY 
... designed for ultra-linear communications or instrumentation applications. _ TRANSISTOR 


@ Low Noise — 2.5 dB Typ @ f = 200 MHz NPN SILICON 
® High Gain — |S97/2 = 15 dB Typ @ f = 300 MHz. 
@ Low Distortion — ITO = 45 dBm Typ @ f = 300 MHz 


| TO-46 
__ CASE 26-03, STYLE 1 


MAXIMUM RATINGS | 


ELECTRICAL CHARACTERISTICS 


a 
OFF CHARACTERISTICS 
Coleor-émivor Breakdown Vatege le = mA le= 0 | Wemiceo | 0 — [=| vee 
[ColeorBase Breakdown Vokage lc =1mA le =0) | Wricao| 40 | = | — | vee 
er ee 
= aes 
[00 


Collector Cutoff Current (Vcg = 10 V, IE = 0) ICBO 


ON CHARACTERISTICS 

[00 [ 00 
ea ee 

DYNAMIC CHARACTERISTICS 


Collector-Emitter Saturation Voltage (Ic = 50 mA, Ic¢/lp = 10) VCE(sat) 


(continued) 


MOTOROLA RF DEVICE DATA | 
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ELECTRICAL CHARACTERISTICS — continued 


[SC harcteiede———SSSS*~d CS [in [te | Mow | Unit 


FUNCTIONAL TESTS 


Noise Figure, Minimum (Vcg = 8 V, Ic = 25 mA, f = 300 MHz) NFMIN 


Cutoff Frequency (VcE = 14 V, Ice = 40 mA) GHz 
Maximum Unilateral Gain (Vcge = 14 V, Ic = 40 mA, f = 300 MHz) GUMAXx dB 


Output Power @ 1 dB Compression : Po1 dB 
(VcE = 14V, Ic = 40 mA, f = 300 MHz) 


eae a 
== eee 
ae ed 
Insertion Gain (VcE = 14 V, Ic = 40 mA, f = 300 MHz) | saz | — | ws | — | 
ae hee 


Third Order Intercept (VcE = 14 V, Ic = 40 mA, f = 300 MHz) 


TYPICAL CHARACTERISTICS 


Vce = 14V 
f = 300 MHz 


Pout, OUTPUT POWER (dBm) 
‘f7, CUTOFF FREQUENCY (GHz) 


0 50 100 150 200. 
Ic, COLLECTOR CURRENT (mA) Ic, COLLECTOR CURRENT (mA) 
Figure 1. Third Order Intercept and 1 dB Compression Figure 2. Gain-Bandwidth Product versus 
versus Current Collector Current 


“NF, NOISE FIGURE (4B) 
Gane, GAIN AT NOISE FIGURE (4B) 
GUyyay MAXIMUM UNILATERAL GAIN (4B) 


50 100 150 200 
f, FREQUENCY (GHz) ic, COLLECTOR CURRENT (mA) 


Figure 3. Noise Figure and Associated Gain | Figure 4. Gum AX Versus Collector Current 
versus Frequency 
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TYPICAL CHARACTERISTICS - 


3 


Vce = 8V bt 
_ f = 300 MHz = ee 
= 
2 5 
a=) = 2 
2 Z 
BS B 
ant (=n) 
77) = 
S) = 
& 
50 100 150 200 
Ic, COLLECTOR CURRENT (mA) . Tc, CASE TEMPERATURE (°C) 
Figure 5. Noise Figure versus Collector Current Figure 6. Dissipation versus Temperature 
a= sth 
2 : 
an ne E 
: COAT J 
: : 
= a el ere S 
E re Eat on ee od 
2 as a cane a = 
a Poca es = 
o ST nn thi 
1 ee & 
Ss Paseo Penh O 
ra) a ae a 
& fe Ed | S THIS DEVICE HAS AN | 
i INTERNAL EMITTER 
-_s mal > _ BALLAST RESISTOR 
| OF 1.5 OHMS - 
003 05 1 2 3 4 6 810 15 2025 : 0 50 100 150 200 
Veb, COLLECTOR BASE VOLTAGE (V) a2 . Ic, COLLECTOR CURRENT (mA) 
Figure 7. Junction Capacitance versus i . Figure 8. Collector Saturation Characteristics 


VcE = 8V, Ic = 20 mA 


VcE = 14V, Ic = 40 mA 


Figure 9. Common Emitter S-Parameters 


MOTOROLA RF DEVICE DATA 
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MOTOROLA 


ma SEMICONDUCTOR m 


TECHNICAL DATA 


The RF Line 
NPN Silicon | 
gh Frequency Transistors 


... designed for use in high frequency, high current applications requiring low 
distortion. 

High Gain — |S91|2 = 15 dB Typ @ f = 500 MHz 

High Cutoff Frequency — f; die = 6 GHz Typ 

Diffused Ballast Resistors 

Gold Metallization 

lon Implantation 

Available in Chip Only — Order CD6150 


MAXIMUM RATINGS 


Collector-Base Voltage » _ VCBO Vde 
Emitter-Base Voltage . VEBO Vde 


[coletr Curent Coninious ip a 
| 

—65 to +200. © 
ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) | -_ 


Collector-Emitter Breakdown Voitage 


OFF CHARACTERISTICS | | 
| V(BR)CEO | 20 _Vde 
(Ic = 5 mA, Ig = 0) 
Collector-Base Breakdown Voltage V(BR)CBO -Vde 
(Ic = 1mA, IE = 0) . 


Emitter-Base Breakdown Voltage 
(l— = 0.1 mA, Ic = 0) 


[Coteor Cf Coren Veg = 10We =o | tego] — | — | 100 | wate 
[cotestor Cutt Curent Vee = 8V.g =o) | teeo | — | — | s00 [nace 


ON CHARACTERISTICS 


DC Current Gain (Ic = 50 mA, 
DYNAMIC CHARACTERISTICS 


Collector-Base Capacitance 4 
(VcB = 10V, Ie = 0, f = 1MHz)  LT4217, LT4239 
ax ~ CD6150 


Emitter Resistance (IE = 100 mA) 


(continued) 


MOTOROLA RF DEVICE DATA 
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LT4217 
LT4239 
CD6150 


ic = 400 mA 
HIGH FREQUENCY 

TRANSISTORS 

NPN SILICON 


CASE 79-04, STYLE 7 


CASE 244D-01, STYLE 1 
LT4217 


(DIMENSIONS IN MILS) _ 
CHIP OUTLINE 
CD6150 


LT4217, LT4239, CD6150 
_ ELECTRICAL CHARACTERISTICS Eee continu 


‘Characteristic 


FUNCTIONAL TESTS: | 
Noise Figure, ‘Optimum (Voce = =8V, Ic = - 60 ) mA, f= 500 MHz) : 


! Cutoff Frequency 
(VCE =, 8V, Ic = 90 mA, ES 500 Miz: 


“Insertion Gain 


AGE > BN. Ic = 90mAt = 500 Me - ee 


ed (Te = = - 25°C unless otherwise noted) 


£74217 
—LT4239. | 
--C€D6150 | 
“ura2i7 | |S: 
2 ALT42390 
~— epsiso | 


ees _TYPICAL, CHARACTERISTICS _ 


sey NERTON GAN 8) 


100 200 
Ic, Sat CURRENT (mA) 
Figure 1. Common Emitter Insertion 
versus Collector Current 


NF, NOISE FIGURE (dB) 


0.4 
f, FREQUENCY (GHz) 


Figure 3. Noise Figure versus Frequency 


NFopr., NOISE FIGURE (dB) 


50 60 70 80 90 
Ic. COLLECTOR CURRENT (mA) 


Figure 5. Noise Figure versus Coilector Current 


05 06 0.70809 1 


~ 1000 


10 20 40 60 80 100 200 400 600 800 1000 
Ic, COLLECTOR CURRENT (mA) 
Gain (50 Q) Figure 2. Gain Bandwidth Product versus 


Collector Current 


ec aa 


Cob, COLLECTOR-BASE CAPACITANCE (pF) 


0.2 0.40608 1 20 
Veh, COLLECTOR-BASE VOLTAGE (VOLTS) 
Figure 4. Collector-Base Capacitance versus Voltage 


40 6080 100 


1000 


ae ee a SES SS A Al A DSS Sa a 
re ee ee 
500 (TEE oot yee ary 
a a 8 a a i coh 
= aie mae ee 
= 200 a ee To TT 
STM ETT NUIT 
| \ 
2 ee 
O et (SAN DE Sameer) ONES REN Gl A NN Oe 
Q 50 a ee es $$ 
Apr ae ee ee 
Paes FT ET 


20 He 0011 0 BL 
; A 
0.1 0.2 0.40.60.810 40 6080100 200 400 800 1000 
Ic, aie CURRENT (mA) 
Figure 6. DC Beta versus Collector Current 


100 110 120 


MOTOROLA RF DEVICE DATA 
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LT4217, LT4239, CD6150 


Figure 7. LT4217 Common Emitter S-Parameters 


MOTOROLA RF DEVICE DATA 
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LT4217, LT4239, CD6150 


Frequency 
(GHz) 


Figure 8. LT4239 Common Emitter S-Parameters 


MOTOROLA RF DEVICE DATA 
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LT4217, LT4239, CD6150 


Figure 9. CD6150 Common Emitter S-Parameters 


MOTOROLA RF DEVICE DATA 


2-216 


MOTOROLA. a (8 sas nr ee 
a2 SEMICONDUCTOR co 
TECHNICAL DATA | | 


LT4700 


The RF Line. | 
NPN Silicon ‘be : 


High Frequency Transistor | ae 
2 : . HIGH FREQUENCY 
... designed primarily for use in low noise, small-signal amplifiers in satellite down con- | TRANSISTOR 


version links, microwave radio relays, communication links, ECM receivers, oscillators, NPN SILICON 


mixers and multipliers. 


Use of ion implementation techniques, arsenic emitters, gold metallization and a her-- 
metic package results in an ultra-reliable transistor with low noise, high gain and wide 
. 100 MIL 
CASE 303-01, STYLE 1 


dynamic range. 


@ Fully implanted Base and Emitter Structure 
@ Low Noise — 1.6 dB Typ @ f = 1 GHz 
3 dB Typ @ f = 2 GHz 
® High Cutoff Frequency — 6 GHz Typ 
® Gold Metallization 
@ Hermetic Package 


MAXIMUM RATINGS 


ELECTRICAL CHARACTERISTICS 


[Charan ——SSSSS~S~*dC ok] nM |e 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage (Ic = 1 mA, Ig = 0) V(BR)CEO ee eee 
Emitter-Base Breakdown Voltage (ip = 0.1 mA, Ic = 0) Vee | Se 


ON CHARACTERISTICS — ; 


DYNAMIC CHARACTERISTICS 


(continued) 


MOTOROLA RF DEVICE DATA | 
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LT4700 


ELECTRICAL CHARACTERISTICS — continued 


Characteristic 


FUNCTIONAL TESTS 


Noise Figure, Minimum (Vcg = 8 V, Ic = 5 mA) 


Cutoff Frequency (Vce = 8 V, Ic = 25 mA) 
Maximum Unilateral Gain (Vce = 8 V, I¢ = 25 mA) 


Insertion Gain (VcgE = 8 V, Ic = 25 mA) 


Gain at Associated Noise Figure 
(VcE = 8V, Ic = 5 mA) 


6 24 7 
5 20 6 
| ta @ 5 
=a A 1 t& ae 
<=) =~ oS 
zs ) = 
oc + 4 
a} wo ro) 
2 3 : 2.65 rad 
tu = wm 
=) i>) 
Pads = faa 
: ame : 2 
alld 5 
aa 4 9 
02 03 06 OF 4 2 12 3 10 20 40 60 
f, FREQUENCY (GHz) Ic, COLLECTOR CURRENT (mA) 
Figure 1. Noise Figure and Associated Gain Figure 2. Gain-Bandwidth Product versus 
versus Frequency Collector Current 
Z S 
2 Zz 
FF z 
S S 
is S 
= fc 
D D 
) Zz 
= an 
= Fx 
DR 
8 
12 5 10 20 40 60 
f, FREQUENCY (GHz) Ic, COLLECTOR CURRENT (mA) 


Figure 4. Insertion Gain versus Collector Current 


= 8V) 


Figure 3. Noise Measure versus Frequency (V 
CE 


MOTOROLA RF DEVICE DATA 
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LT4700 


TYPICAL CHARACTERISTICS 


LUE ETT 
CLUE Hy 
A 
LI a 


NF, NOISE FIGURE (dB) 
w 
Pp, DEVICE DISSIPATION (mW) 


1 2 3 5 10 15 20 40 60 0 50 100 150 200 
Ic, COLLECTOR CURRENT (mA) Tc, CASE TEMPERATURE (°C) 


Figure 5. Noise Figure versus Collector Current Figure 6. Device Dissipation Operating Range 


Cob, Cel — CAPACITANCE (pF) 
it k2 eee 


a 
ea 
i< 
a 
Le 
| 
Pout, OUTPUT POWER (dBm) 


Meee sates 
See eee 
| 
Wa 


3 0.5 1 2 3 10 15 25 125 10 20 40 60 
Vob. Veh — COLLECTOR-BASE VOLTAGE (V) : Ic, COLLECTOR CURRENT (mA) 


Figure 7. Junction Capacitance versus Voltage Figure 8. Third Order Intercept versus Collector Current 
(VcE = 8 V) 


MOTOROLA RF DEVICE DATA 
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~LT4700. 


Figure 9. Common Emitter S-Parameters 


0.244 / 80° 


0.337 / -—97° 
0.353 / — 158° 
0.345 / — 146° 


Reflection coefficient of source and the noise resistance at 
optimum noise figure for Vcg = 8 V, Ic = 5mA 


Figure 10. Noise Parameters 


MOTOROLA RF DEVICE DATA 
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0.14632 
0.08388 
0.38362 
0.34603 
0.43098 
0.48277 
0.54641 
0.62994 
0.67527 
0.76699 
0.91025 
0.99839 
1.03922 
1.09306 
1.16138 
1.19230 
1.24361 
1.29489 
1.31465 
1.30445 
1.32750 


0.33256. 


0.38799 
0.52604 
0.64475 
0.82367 
0.92234 
0.99615 
1.06180 
1.10767 
1.15458 
1.16067 
1.19985 
1.21402 
1.21229 
1.24004 
1.23090 
1.24442 
1.27095 
1.25286 
1.24397 
1.24979 


MOTOROLA 
ms SEMICONDUCTOR 
TECHNICAL DATA | | 


a LT4746_ 
The RF Line | ee 
NPN Silicon 


High Frequency Transistor 7 At Se fe een maa 
> HIGH FREQUENCY 
... designed primarily for use in low noise, small-signal amplifiers in satellite down con- _ . - TRANSISTOR 


version links, microwave radio relays, communication links, ECM receivers, oscillators, NPN SILICON 

mixers and multipliers. | a | | 
Use of ion implementation techniques, arsenic emitters, gold metallization and a her- 

metic package results in an ultra-reliable transistor with low noise, high gain and wide 


dynamic range. | 
@ Fully Implanted Base and Emitter Structure | 

® High Cutoff Frequency — 6 GHz Typ 

@ High Gain — 12.5 dB Typ @ f = 500 MHz 

© Gold Metallization 


TO-46 
CASE 26-03, STYLE 1 


MAXIMUM RATINGS 


‘Collector Current — Continuous - . 


ELECTRICAL CHARACTERISTICS _ ; ar 5, 

OFF CHARACTERISTICS . e% : ea ae : 
Colestrsmiver Breakdown Vokage ic =1mAlp= 0 | Wenceo | 2 | — | — | ve 
[Emivrsese Breakdown Votage le = OimAic=0) | Venieso | 3 | — | — | vse 
[cotton Cot Curent Vep=10Vie=0 +d ego | — | — | 1 | ora 


ON CHARACTERISTICS 


DC Current Gain (ig = 28 mA, Veg = BVI Phe 10 [| 30 | | 


DYNAMIC CHARACTERISTICS 


Coilector-Base Capacitance (Vcp =.8 V, IE = 0, f = 1 MHz) Cob Poe te fe] ar 


(continued) 
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ELECTRICAL CHARACTERISTICS — continued 


[Characters SSSSS*dCS mot [mn [To [Mex | Unt 


FUNCTIONAL TESTS 


Noise Figure, Minimum (Vcg = 8 V, Ic = 5 mA) 


Cutoff Frequency (VcE = 8 V, Ic = 25 mA) 


Maximum Unilateral Gain (VCE = 8 V, Ic = 25 mA) 00 MHz 
00 MHz 
000 MHz 


Insertion Gain (VcE = 8 V, Ic = 25 mA) 00 MHz 
00 MHz 
000 MHz 


Gain at Associated Noise Figure 
(VcE = 8 V, Ic = 5 mA) 


TYPICAL CHARACTERISTICS 


24 


20 


NE, NOISE FIGURE (dB) 
Gan, GAIN AT NOISE FIGURE (dB) 
f, CUTOFF FREQUENCY (GHz) 


02 03 04 05 06 0.708091 | 12 5 10 20 40 60 
a f, FREQUENCY (GHz} Ie, COLLECTOR CURRENT (mA) 
Figure 1. Noise Figure and Associated Gain . Figure 2. Gain-Bandwidth Product versus 
versus Frequency Collector Current. 


Mivin, NOISE MEASURE (dB) — 
ISoq|2, INSERTION GAIN (dB) 


: 8 L = 
0.2 03 04 O05 06 0.7080.91— “415 0~« 12 5 10 20 40 6 
f, FREQUENCY (GHz) Ic, COLLECTOR CURRENT (mA) 

Figure 3. Noise Measure versus Frequency Figure 4. Insertion Gain versus _ 


Collector Current 


_~ MOTOROLA RF DEVICE DATA 
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LT4746 


5 = 
HCEMMICTtIL : 
= £ 
= : Zz 
@ Vce = 8V ae 
us f = 0.5 GHz 7) 
QD 3 a 
S 3) 
a a. 
2) 
. 2k ) 
4 
7 2 3 45 10 15 20 30 40 5060 co 950 100150200 
Ic, COLLECTOR CURRENT (mA) Tc, CASE TEMPERATURE (°C) 
Figure 5. Noise Figure versus Collector Current — Figure 6. Device Dissipation Operating Range. 
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E 
rr 3 
g , ee 
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a ee ee ete ZA 
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0 03 05 1 2 3 456 810 15 2025 ; 12 5 10 20 40 60 
Veb: Veb — COLLECTOR-BASE/EMITTER-BASE VOLTAGE (V) a | ic, COLLECTOR CURRENT (mA) 
Figure 7. Junction Capacitance versus Voltage a _ Figure 8. Typical Third Order Intercept versus 


Collector Current 


MOTOROLA RF DEVICE DATA - 
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LT4746 


VceE = 8V,lc¢ = 5 mA 


Figure 9. Common Emitter S-Parameters 


| Freq. | NForr. | sort. | Pn | 


0.452 / +39° 


0.385 / + 36° 
0.153 / +94° 
0.186 / +97° 


Reflection coefficient of source and the noise resistance at 
optimum noise figure for VCE = 8 V, Ic = 5mA 


Figure 10. Noise Parameters 


MOTOROLA RF DEVICE DATA 
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MOTOROLA 
a2 SEMICONDUCTOR SE 
TECHNICAL DATA 


The RF Line LT4772 
NPN Silicon : | 
High Frequency Transistor 


. lc = 50 mA 
... designed primarily for use in low noise, small-signal amplifiers in satellite down con- rs FREQUENCY 
version links, microwave radio relays, communication links, ECM receivers, oscillators, TRANSISTOR 
mixers and multipliers. NPN SILICON 


Use of ion implementation techniques, arsenic emitters, gold metallization and a her- 
metic package results in an ultra-reliable transistor with low noise, high gain and wide 
dynamic range. 


® Fully Implanted Base and Emitter Structure | 

® High Cutoff Frequency — 6 GHz Typ . G> 
® High Gain — 12.5 dB Typ @ f = 500 MHz 
® Gold Metallization 


MAXIMUM RATINGS 


TO-72 
CASE 20-03, STYLE 10 


a 
aca: 
[0 
ee 

ELECTRICAL CHARACTERISTICS 

PS —Charnteritn ———SSSSSSCS~*~d:C tt ||| 


OFF CHARACTERISTICS 
| Collector-Emitter Breakdown Voltage (Ic = 1mAip=0) | Wipryceo | 2 | = | Ve 
| Emitter-Base Breakdown Voltage (Ip = 01mAIc=0) | Warepo | 3 | | | Vo 
| Collector Cutoff Current (Veg = 10V.Ie=0) | tcp | 


ICBO 
ON CHARACTERISTICS 


DYNAMIC CHARACTERISTICS 


FUNCTIONAL TESTS 
Noise Figure, Minimum (Vcge = 8 V, ic = 5 mA) 


20 
3 
200 


Cutoff Frequency (Vcge = 8 V, Ic = 25 mA) 
Maximum Unilateral Gain (VceE = 8 V, Ic = 25 mA) 


Insertion Gain (VcE = 8 V, Ic = 25 mA) 


Gain at Associated Noise Figure 
(VcE = 8V, Ic = 5 mA) 


MOTOROLA RF DEVICE DATA 
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TYPICAL CHARACTERISTICS 


24 


NF, NOISE FIGURE (dB) 
f,, CUTOFF FREQUENCY (GHz) 


Ganp. GAIN AT NOISE FIGURE (dB) 


12 5 10 20 40 60 
¢, COLLECTOR CURRENT (mA) 


f, FREQUENCY (GHz) 


Figure 1. Noise Figure and Associated Gain 
versus Frequency 


Figure 2. Gain-Bandwidth Product versus 
Collector Current 


Vce = 8V, Ic = 5mA 


14 
: ma iSTERT 
a=) ca 
ww 2 wa 
= z 
= . 12 
Lu — 
2 re 
2 2 
= a 
= = 
= SH 10 
8 
0.2 0.3 0.5 0.7 la: 2 12 5 10 20 40 60 
f, FREQUENCY (GHz) Ic, COLLECTOR CURRENT (mA) 
Figure 3. Noise Measure versus Frequency Figure 4. Insertion Gain versus Collector Current 


Pr ceo ee se, ee eae ee ee a Saat Pe eat a 
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VcE = 8V Ue 
f = 0.5 GHz 


NF, NOISE FIGURE (dB) 
Pp, DEVICE DISSIPATION (mW) 


1 2345 0 0 40 60 | 0 50 100 150 200 
Ic, COLLECTOR CURRENT (mA) Tc, CASE TEMPERATURE (°C). 


Figure 5. Noise Figure versus Collector Current Figure 6. Device Dissipation Operating Range 


Loe 


Cob, Ce — CAPACITANCE (pF) 
Pout, OUTPUT POWER (dBm! 


fl . | 
003 05 1 2 3 5 810 2 125 10 20 40 60 
Veb Vab — COLLECTOR-BASE/EMITTER VOLTAGE (V) Ic, COLLECTOR CURRENT (rn) 


Figure 7. Junction Capacitance versus Voltage Figure 8. Typical Third Order Intercept versus Collector 


Current (Vcge = 8 V) 


MOTOROLA RF DEVICE DATA 
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Frequency (MHz) | Sun | Sen | S| ee Tk 


Vce = 8 V, Ic = 25 mA 


Figure 9. Common Emitter S-Parameters 


[Freq | NFopr. | sort. | Rn 
0.486 / + 36° 0.78 0 
0.412 / +66° 
0.120 / +51° 
0.237 / +58° 0.8 0 


Reflection coefficient of source and the noise resistance at 
optimum noise figure for Vcg = 8 V, Ic = 5mMA 


Figure 10. Noise Parameters 
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m= SEMICONDUCTOR 


MOTOROLA 
TECHNICAL DATA 


_LT5817 
The RF Line | 

PNP Silicon | re : 
High Frequency Transistor 


... specifically designed for CRT driver applications requiring high voltage and high 
frequency, such as high resolution color graphics video monitors. 

@ PNP Complement to LT1817 

® High Voltage — V(pR)CBO = 80 V Min 

© High Cutoff Frequency — f; = 1500 MHz Min . 

@ Low Output Capacitance — Cop = 2.5 pF Max @ Vcp = 15 V 

@ Gold Metallization a 

@ Common Base Configuration 


fy = 1500 MHz MIN 
HIGH FREQUENCY 
‘TRANSISTOR 

PNP SILICON 


TO-177A 
CASE 244D-01, STYLE 2 


MAXIMUM RATINGS 


[00 


ELECTRICAL CHARACTERISTICS 


Characteristic Symbol 


[ Collector Emiter Breskdown Voegeli =1mAls=0 | Werceo] 6 | — | — | Va 
Emitter-Base Breakdown Voltage (Iz = 0.1 mA, Ic = 0) | Vvierepo | 3 | — | — |. vac | 
[colletor Cutoht Curent Wop =S0Ve= 0 SS«dSCiwo | «| SY 
[collector Cutoff Curent Voe = 80V,Vee=0) «ices | | — | 100 | Ado _| 
ON CHARACTERISTICS _ 

[De Curent Gsinle = Oma Ver=8v)S*~*~“*‘“*dSO*~C*dS™=COwSCsSC‘ STC 
[Collector Emiter Seuration Volege c= 50 mA ig =SmA | Veeisen | — | — | 000 | mw 


DYNAMIC CHARACTERISTICS 


Collector-Base Capacitance (Vcg = 15 V, le = 0, f = 1 MHz) ee ee ee ee ee 


FUNCTIONAL TESTS 


Cutoff Frequency (VcE = 15 V, Ic = 50 mA, f = 200 MHz) 
Insertion Gain (Vce = 15 V, Ic = 50 mA, f = 200 MHz) [S242 


OFF CHARACTERISTICS 


MOTOROLA RF DEVICE DATA 


2-229 


LT5817 


TYPICAL CHARACTERISTICS 


VCE = 10V =z 
fo = 250 MHz £ 
| ceed 
a 
ae 
= ra) 
6 © 
ood 
5 ro) 
co) Oo 
oc cs 
a 
ee 
rs) 
af Vee, COLLECTOR-EMITTER VOLTAGE (V) 
Figure 3. Safe Operating Area 
5 rs 
Ic, COLLECTOR CURRENT (mA) 4s 
Figure 1. Gain Bandwidth Product versus 4 
Collector Current aa 
c= 3.5 
oO 3 
=z 
= 25 
oO 
Boe 
<< 
2 415 
a 
Ss | 
0.5 
0 


Voby COLLECTOR-BASE VOLTAGE (V) 


Figure 4. Junction Capacitance versus Voltage 


Pp, POWER DISSIPATION (W) 


Tc, CASE TEMPERATURE (°C) 


Figure 2. Power Dissipation versus Temperature 


MOTOROLA RF DEVICE DATA 
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MOTOROLA 
= SEMICONDUCR ———— eee 
TECHNICAL DATA 


LT5839 
The RF Line 


PNP Silicon 
High Frequency Transistor 


... Specifically designed for CRT driver applications requiring high frequency and high 
voltage, such as high resolution color graphics video monitors. 

@ PNP Complement to LT1839. 

@ High Voltage — ViBR)CBO = 80 V Min 

@ High Cutoff Frequency — f; = 1500 MHz Min 


@ Low Output Capacitance — Cop = 2.5 pF Max @ Vcp = 15 V 
@ Gold Metallization He 


TO-39 
CASE 79-04, STYLE 1 


fr = 1500 MHz MIN 

HIGH FREQUENCY 
TRANSISTOR 

PNP SILICON 


MAXIMUM RATINGS 


Storage Temperature Range —65 to +200 


ELECTRICAL CHARACTERISTICS 


[Character ———SS*dCSmbt | Min «| MeO 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage (Ic = 1 mA, Ip = 0) V(BR)CEO 


Collector-Base Breakdown Voltage (Ic = 0.1 mA, IE = 0) V(BR)CBO Fo | 
Emitter-Base Breakdown Voltage (ig = 0.1 mA, Ic = 0) V(BR)EBO | | 
Collector Cutoff Current (Vcp = 50 V, IE = 0) ICBO po 


Collector Cutoff Current (Vce = 50 V, Vge = 0) ICES 


ON CHARACTERISTICS 


DC Current Gain (Ic = 50 mA, VcE = 5 V) 
Collector-Emitter Saturation Voltage (ic = 50 mA, Ip = 5 mA) VCE(sat) 


DYNAMIC CHARACTERISTICS 
Collector-Base Capacitance (Vcp = 15 V, Ie = 0, f = 1 MHz) Ceb Fo o— | — | 25 [pF 
FUNCTIONAL TESTS 


MOTOROLA RF DEVICE DATA 
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LT5839 


~~ TYPICAL CHARACTERISTICS | 


fg = 250MHz 300 | 


te, COLLECTOR CURRENT (mA) 


‘10 20 30 40 50 60 70 
Vce, COLLECTOR-EMITTER VOLTAGE (V) 


fy CUTOFF FREQUENCY (GHz) 


Figure 2. Safe Operating Area | 


Cob, CAPACITANCE (pF 


Pp, POWER DISSIPATION (W) 


Veb, COLLECTOR-BASE VOLTAGE (V) 


Figure 4. Junction Capacitance versus Voltage 


50 100 - 150 200 
Tc, CASE TEMPERATURE (°C) 


Figure 3. Power Dissipation versus Temperature 


MOTOROLA RF DEVICE DATA 


2-232 


MOTOROLA 
2 SEMICONDUCTOR xy 


MULTIPLE DEVICES 


DUAL PNP SILICON 
AMPLIFIER 


DUAL PNP SILICON ANNULAR 450 MHz AMPLIFIER 


... designed for high-gain, low-noise amplifier, oscillator, and 
mixer applications. 


@ Low Noise Figure — NF = 3.0 dB (Typ) @ 450 MHz 
6.0 dB (Typ) @ 1.0 GHz 


@ High Power Gain — Gpe = 18.dB (Typ) @ 450 MHz 
13 dB (Typ) @ 1.0 GHz 


@ High Gain-Bandwidth Product — f7 = 1500 MHz (Typ) 
@ Low Collector-Base Capacitance — Cop = 0.8 pF (Typ) 


MAXIMUM RATINGS (each side) 


Cg 
Collector-Emitter Voltage _ VCEO 


3 


P 
’ L } 
STYLE 1: } F 
PIN 1. COLLECTOR \ esr 


2. BASE 


Q EMITTER oy lL 
N 


| 30 |v 
[Collector-BaseVoltage | cp | 80 | Vde 


Operating and Storage Junction Ty, Tstg | —65 to +200 
Temperature Range 


One | Both 
Side | Sides 
200 | 400 
1.15 | 2.3 


4. OMITTED 

5. EMITTER 

6. BASE 

7, COLLECTOR 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


aoe | MIN | MAX | 
| A [| 851 | 940 | 0.335 | | 0.370 | 
0.305 | 0.335 _| 


NF, NOISE FIGURE (dB) 


| B | 
| ¢ 
| D | 
aie 
|e a 
| G | 
H 
a 
ae 
| M_| 
| N | 
| PL 


CASE 654-02 


Saeea See 
Fa ee! i Ce) 9 la 
a es oe a 


f, FREQUENCY (GHz) 


MOTOROLA RF DEVICE DATA 
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MD4957 


ELECTRICAL CHARACTERISTICS tae = 25°C unless otherwise noted) 


eee eee ee ee 


OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage V(BR)CEO 
(i¢ = 1.0 mAdc, Ip = 0) 

Collector-Base Breakdown Voltage V(BR)CBO 
(Ic = 100 pAdc, IE = 0) 


Emitter-Base Breakdown Voltage V(BR)EBO 
(l_ = 100 pAdc, ic = 0) 
Collector Cutoff Current 


(VcB = 20 Vdc, IE = 0) 
ON CHARACTERISTICS 


DC Current Gain hFeE 20 150 
(Ic = 2.0 mAdc, Veg = 10 Vdc) 


' DYNAMIC CHARACTERISTICS 


Current-Gain-Bandwidth Product 
(IC = 2.0 mAdc, Vcg = 10 Vdc, f = 100 MHz) 
Collector-Base Capacitance 
(Vcp = 10 Vdc, IE = 0, f = 100 kHz) 
Small-Signal Current Gain 
(Ic = 2.0 mAdc, Vcg = 10 Vdc, f = 1.0 kHz) 
Collector-Base Time Constant 
(le = 2.0 mAdc, Vcg = 10 Vdc, f = 63.6 MHz) 
Noise Figure 
(i¢ = 2.0 mAdc, Vcg = 10 Vdc, f = 450 MHz) Figure 2 
(Ic = 2.0 mAdc, Vcg = 10 Vdc, Rg = 50 Ohms, f = 1.0 GHz) 


FUNCTIONAL TESTS 


Common-Emitter Amplifier Power Gain 
(VceE = 10 Vde, Ic = 2.0 mAdc, f = 450 MHz) 
(VcE = 10 Vdc, Ic = 2.0 mAdc, Rg = 50 Ohms, f = 1.0 GHz) 


FIGURE 2 — NOISE FIGURE AND POWER GAIN TEST CIRCUIT. 


*Button type capacitors 

**Variable air piston type capacitors 

1. L1 — silver plated brass bar, 1.0 

in. lg by 0.25 in od. 
2. L2 — silver plated brass bar, 1.5 
in. Ig by 0.25 in od. Tap is 
0.25 in. from collector 

3. L3 — % turn of AWG No. 16 wire 
0.25 in. from and parallel to 
L2. 

4. The noise. source is a hot-cold body 
(All type 70 or equivalent) with a 
test receiver (All type 136 or 
equivalent). 

5. Each half of dual transistor 
tested separately. 


MOTOROLA RF DEVICE DATA 
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MD4957 


COMMON EMITTER Y PARAMETER VARIATIONS | 


Y PARAMETERS VS FREQUENCY _ Y PARAMETERS VS CURRENT 
Voce = 10 Vde : Voce = 10 Vde Vee = 15 Vde — — — . 


Ic = 2.0 mA f = 450 Miz 
FIGURE 7 — INPUT ADMITTANCE = 


Y,., INPUT ADMITTANCE (mmhos) 
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FORWARD TRANSFER ADMITTANCE (mmhos) 
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FIGURE 10 — REVERSE TRANSFER ADMITTANCE 
1.4.5 


Yre, REVERSE TRANSFER ADMITTANCE (mmhos) 
Y,e. REVERSE TRANSFER ADMITTANCE (mmhos! 


f, FREQUENCY (MHz) 


MOTOROLA RF DEVICE DATA 
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MD4957 


- COMMON BASE Y PARAMETER VARIATIONS 


_ Y PARAMETERS versus FREQUENCY 


Vepg= 15 Vdc — — — 


FIGURE 11 — INPUT ADMITTANCE 
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FIGURE 12 — FORWARD TRANSFER ADMITTANCE 
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FIGURE 13— OUTPUT ADMITTANCE — 
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FIGURE 14 — REVERSE TRANSFER ADMITTANCE 
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MOTOROLA RF DEVICE DATA - 
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MOTOROLA ss —t*™” 
= SEMICONDUCTOR = 
TECHNICAL DATA 


The RF Line | | 
, PNP SILICON 

RF POWER 
TRANSISTOR 


PNP SILICON RF POWER TRANSISTOR 


. . . designed for amplifier, frequency multiplier or oscillator appli- 
cations in military and industrial equipment. Suitable for use as 
Class A, B, or C driver, or pre-driver stages in VHF applications. 


@ Power Output — Poyt = 0.5 W (Min) @ f = 175 MHz 


@ High Current-Gain — Bandwidth Product — 
fy = 900 MHz (Typ) @ Ic = 50 mAdc 


~ MAXIMUM RATINGS 


STYLE 1: 
PIN 1. EMITTER 


couuecron [4] ¢036 000 © [1] 4 OH ©) 


NOTES: 
1. DIMENSIONING AND TOLERANCING PER ANSI 
Y14.5M, 1982. 

. CONTROLLING DIMENSION: INCH. 

. DIMENSION J MEASURED FROM DIMENSION A 
MAXIMUM, 

. DIMENSION B SHALL NOT VARY MORE THAN 0.25 
(0.010) IN ZONE R. THIS ZONE CONTROLLED FOR 
AUTOMATIC HANDLING. 

. DIMENSION F APPLIES BETWEEN DIMENSION P 
AND L. DIMENSION D APPLIES BETWEEN 
DIMENSION L AND K MINIMUM. LEAD DIAMETER 
1S UNCONTROLLED IN DIMENSION P AND 
BEYOND DIMENSION K MINIMUM. 


~ 12.5 Vde 


MILLIMETERS _INCHES 


0 
6.35 0.250 | — 
1 45° BSC 45° BSC 


3.0 — 30 pF, ARCO 461 OR EQUIVALENT 

8.0 — 80 pF, ARCO 462 OR EQUIVALENT 

100 nH, 4 TURNS NO. 18 AWG, 1/4” 1.D., 5/8” LENGTH 
40 nH, 2 TURNS NO. 18 AWG, 1/4” 1.D., 1/2” LENGTH 
200 nH, 8 TURNS NO. 18 AWG, 1/4” |.D., 7/8” LENGTH 


CASE 79-04 
TO-205AD 
(TO-39) 


MOTOROLA RF DEVICE DATA 


2-237 


MM4018 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(I¢ = 5.0 mAdc, Ig = 0) 


Collector-Base Breakdown Voltage V(BR)CBO 
(I¢ = 5.0 mAdc, le = 0) | 

Emitter-Base Breakdown Voltage V(BR)EBO 
(Ie = 1.0 mAdc, Ic = 0) 


Collector Cutoff Current 
(Vce = 15 Vdc,.Ig = 0) 


Collector Cutoff Current 
(Vcg = 15 Vdc, IE = 0) 


ON CHARACTERISTICS 


DC Current Gain hFE 
. (Ic = 50 mAdc, Vee = 5.0 Vde) 


DYNAMIC CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(I¢ = 50 mAdc, Vce = 15 Vdc, f = 100 MHz) 


Output Capacitance 

(Vop = 12.5 Vdc, Ig = 0, f = 100 kHz) 
FUNCTIONAL TEST 
Power Output (Figure 1) 

(Pin = 50 mW, Voc = 12.5 Vde, f = 175 MHz) 
Collector Efficiency (Figure 1) 

(Pin = 50 mW, Vcc = 12.5 Vde, f = 175 MHz) 


FIGURE 3 — PARALLEL EQUIVALENT OUTPUT 
FIGURE 2 — POWER OUTPUT versus POWER INPUT CAPACITANCE versus FREQUENCY 


0.7 


Pout , POWER OUTPUT (WATTS) 
C gut, OUTPUT CAPACITANCE (pF) 


P;,, POWER INPUT (mW) | | f, FREQUENCY (MHz) 
FIGURE 4 — PARALLEL EQUIVALENT INPUT FIGURE 5 — PARALLEL EQUIVALENT INPUT 
. RESISTANCE versus FREQUENCY CAPACITANCE versus FREQUENCY 


Ringe INPUT RESISTANCE (OHMS) 
C in. INPUT CAPACITANCE (pF) 


0 
100 150, 200 300 


-f, FREQUENCY (MHz) f, FREQUENCY (MHz) 


MOTOROLA RF DEVICE DATA 
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MOTOROLA 
= SEMICONDUCTOR yyy 
TECHNICAL DATA 


MM4049 
| | MMC4049 


MRF534 
_ MRF536 


PNP SILICON HIGH-FREQUENCY TRANSISTOR 


... designed for use as a high-frequency current mode switch. Because 
of the extremely high Current-Gain — Bandwidth this transistor also 
makes an excellent RF amplifier and oscillator. 


@® High Current-Gain — Bandwidth Product — 
ft = 4.0 GHz (Min) @ Ic = 20 mAdc — MM4049, MRF534 
fr = 5.0 GHz (Min) @ Ic = 20 mAdc — MRF536 HIGH FREQUENCY 


@ Low Collector-Base Capacitance — TRANSISTOR 
Ceb = 1.25 pF (Max) @ Vcp = 5.0 Vde 


4.0 GHz @ 20 mAdc 


PNP SILICON 


MMC4049 MM4049 MRF534 MRF536 


L lx 


Case 20-03 Case 22-03 Case 317-01 
TO-206AF TO-206AA Macro-X 
MAXIMUM RATINGS Style 2 


Total Device Dissipation @ Ta = 25°C 300 
Derate above 25°C Tj max =200°C 


-65 to +200 -65 to +200 


MOTOROLA RF DEVICE DATA 
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MM4049, MMC4049, MRF534, MRF536 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 


a ee Os 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(I¢ = 2.0 mAdc, Ig = 0) 


Collector-Base Breakdown Voltage 
(Ic = 100 pAde, Ie =0) 


Emitter- Base Breakdown Voltage 
(Ig = 100 pAdc, ic =0) 


Collector Cutoff Current 
(VcB = 10 Vdc, Ig = O) 


ON CHARACTERISTICS 


DC Current Gain 
(Ic = 25 mAdc, Vcg = 2.0 Vde) 


DYNAMIC CHARACTERISTICS 

Current-Gain Bandwidth Product MRF534, MM4049 
(Ic = 20 mAdc, Vcg = 5.0 Vdc, f = 500 MHz) MRF536 

Collector-Base Capacitance ; 
(Vcp = 5.0 Vdc, Ig = 0, f = 1.0 MHz) 

FUNCTIONAL TESTS 

Maximum Available Gain 
(Ic = 15 mAde, Vcg = 5.0 Vdc, f = 500 MHz) MRFS34 | 
(Ic = 15 mAdc, Vcg = 5.0 Vdc, f = 500 MHz) MM4049 
(Ic = 15 mAdc, Vcg = 5.0 Vde, f = 1.0 GHz) MRF536 


FIGURE 1 — CURRENT GAIN — BANDWIDTH FIGURE 2 — MAXIMUM AVAILABLE GAIN versus 


PRODUCT versus CURRENT | COLLECTOR CURRENT 

12 — 
oe GG a en a a 
=) Cs a Oe mae 
=e ee (le a ae ee ie ae 
cee Caen a a Ca HS cae 
as eae Le  ( 2 
= ae i cee MRF534, MM4049 a 
See ee ae 
= AI DP ce a io 
a ee i es ee ee es a 
ge ae a ica Il 
saan A Sa ee aes 
faa es a Ea el 

0 2 

le COLLECTOR CURRENT (Ade | Ic. COLLECTOR CURRENT (mA) 


FIGURE 3 — NOISE FIGURE versus FREQUENCY 


NF, NOISE FIGURE (dB) 


f, FREQUENCY (GHz) 


MOTOROLA RF DEVICE DATA 
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MM4049, MMC4049, MRF534, MRF536_~ 


Gee bec ee Sil. eet 
el Sil ie a ee ee ee 


MOTOROLA RF DEVICE DATA 
2.244 


MM4049, MMC4049, MRF534, MRF536 


MRF536 COMMON-EMITTER S-PARAMETERS 


MMC4049 CHIP TOPOGRAPHY 


Nominal Chip Size: 12 x 22 mils 

Front Metalization: Aluminum 

Back Metalization: Aluminum 
Emitter/Base Bond Pad: 4.0 x 4.0 mils 
#Emitter Fingers: 2 

#Base Fingers: 3 


MOTOROLA RF DEVICE DATA 


2-242 


MOTOROLA | 


fa SEMICONDUCTOR ye a 
TECHNICAL DATA MM8000 


MM8001 


The RF Line _ 
: 7 : NPN SILICON 


AMPLIFIER 
TRANSISTORS 


NPN SILICON HIGH-FREQUENCY TRANSISTOR 


. .. designed for high-frequency C.A.T.V. amplifier applications. Suit- 
able for use as output driver or pre-driver stages in VHF and UHF 
equipment. | 


@ High Current-Gain—Bandwidth Product — 
fT = 900 MHz (Min) @ Ic = 50 mAdc (MM8001) 


@ Low Output Capacitance — 
Cob = 3.5 pF (Max) @ Vcp = 30 Vde 


® Low Noise Figure — 
NF = 2.7 dB (Typ) @ Ic = 10 mAdc 


STYLE 1: 


PIN 1. EMICIER plea Far 
2. BASE 
a.coLtector || ¢ 9.36 (0.014) @ [TIA @!H® 


_ NOTES? Syn eee 
1, DIMENSIONING AND TOLERANCING PER ANSI | - 
po RE ONTABM 198i? ek 
2° <2 CONTROLLING DIMENSION: INCHD 0 
3. DIMENSION J MEASURED FROM DIMENSIONA 
“MAXIMUM. pe yp the 
“4. DIMENSION B-SHALL-NOT VARY MORE THAN 0.25 ~ 
(0.010) IN ZONE R. THIS ZONE CONTROLLED FOR. = 
ei AUTOMATIC HANDLING. 
5. DIMENSION.F APPLIES BETWEEN DIMENSION P 
- “AND L. DIMENSION D APPLIES BETWEEN aes 
-- DIMENSION L AND K MINIMUM. LEAD DIAMETER 
“" IS UNCONTROLLED IN DIMENSIONPAND 
_ BEYOND DIMENSION K MINIMUM. 


Lom om 


-Collector-Emitter Voltage 
Collector-Base Voltage 
_ | Emitter-Base Voltage 
Collector Current i. : £eeee oe aE 
Total Device Dissipation @Tce = 25°C | 
_.Derate above 25°C oe 
| Operating and Storage Junction fe 
Temperature Range | 


CASE 79-04 
TO-205AD 
(TO-39) — 


MOTOROLA RF DEVICE DATA. 
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MiM8000, MM8001 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 


a ee ee ee 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage VCEO(sus) 
(Ic = 5.0 mAdc, Ip = 0) 

Collector-Base Breakdown Voltage V(BR)CBO 
(Ic = 0.1 mAdc, ig = 0) ; 


Emitter-Base Breakdown Voltage a 1% V(BR)EBO 3.5 
(le = 0.1 mAdc, Ic = 0) | 

Collector Cutoff Current ICEO 
(VCE = 28 Vdc, Ip = 0) 


ON CHARACTERISTICS 


DC Current Gain 

~ (I¢ = 50 mAdc, VcE = 15 Vdc) 
DYNAMIC CHARACTERISTICS 
Current-Gain — Bandwidth Product 


(Ic = 25 mAdc, VcgE = 15 Vdc, f = 200 MHz) MMso000 
MMs001 


(i¢ = 50 mAdc, VcE = 15 Vdc, f = 200 MHz) MMs000 
MM8s001 


(ic = 100 mAdc, Veg = 15 Vde, f = 200 MHz! Mmgo00 
7 MMs001 


Output Capacitance 
(VcB = 30 Vdc, Ig = 0, f = 1.0 MHz) 


Noise Figure Figure 1 
(Ic = 10 mAde, Vcg = 15 Vdc, f = 200 MHz) 


FUNCTIONAL TESTS 


Common-Emitter Amplifier Power Gain Figure 1 
(Ic = 10 mAdc, VcgE = 15 Vde, f = 200 MHz) 


Pin (Rg= 5082) : | | | Pout (Zi = 502) 


C1, C2, C3: 1.0 — 30 pF 
C4: 1.0 — 20 pF 
: 10,000 pF 
: 1000 pF 
: 0.01 uF 


: 4-1/2 turns, No. 22 
AWG wire, 3/16” (.0. 


L4: 3-1/2 turns, No. 22 
AWGwire, 3/16" 1.D. 


L2, L3: 0.82 nH RFC 
Ry: 240 ohms, 2 watts 


MOTOROLA RF DEVICE DATA 
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MOTOROLA. 
= SEMICONDUCTOR yyy 
TECHNICAL DATA | - 


MMso09 


0.9 W — 1.0 GHz © 
RF POWER 

TRANSISTOR | 
NPN SILICON 


NPN SILICON RF POWER TRANSISTOR 


... designed for amplifier, frequency multiplier, or oscillator applica- 

tions in military and industrial equipment. Suitable for use as output, 
driver, or pre-driver stages in UHF equipment and as a fundamental 
frequency oscillator at 1.68 GHz. 


@ High Output Power — Poyt = 0.9 Watt (Min) @ f = 1.0 GHz 


@ High Current-Gain—Bandwidth Product — 
ff = 1000 MHz {Min) @ Ic = 50 mAdc 


e Ideal for Radiosonde Applications — | 
Pout (Oscillator) = 300 mW (Typ) @ f = 1.68 GHz 


STYLE 1: 
PIN 1. EMITTER 


2 BASE cron [4] 00360014 © [T[a G4 O| 


NOTES: J 
1. DIMENSIONING AND TOLERANCING PER ANSI 
Y14.5M, 1982. 
2. CONTROLLING DIMENSION: INCH. 
3. DIMENSION J MEASURED FROM DIMENSION A 
MAXIMUM RATINGS MAXIMUM. ont 
4. DIMENSION B SHALL NOT VARY MORE THAN 0.25 


(0.010) IN ZONE R. THIS ZONE CONTROLLED FOR 
AUTOMATIC HANDLING: - “| 
Collector-Emitter Voltage VCEO 5, DIMENSION F APPLIES BETWEEN DIMENSION P 
Collector-Base Voltage AND L. DIMENSION D APPLIES BETWEEN 
DIMENSION L AND K MINIMUM. LEAD DIAMETER 
Emitter-Base Voltage . IS UNCONTROLLED IN DIMENSION P AND 
Collector Current — Continuous BEYOND DIMENSION K MINIMUM. | 


Total Device Dissipation @ Ta = 25°C : MILLIMETERS | INCHES 
Derate above 25°C | , DIM | MIN | MAX | MIN | MAX 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


Operating and Storage Junction 
Temperature Range 


« 


CASE 79-04 
TO-205AD 
(TO-39) 


‘MOTOROLA RF DEVICE DATA 


2-245 


MM8009 


ELECTRICAL CHARACTERISTICS 3 Te = 25°C unless otherwise noted) 


"Characteristic 


OFF CHARACTERISTICS 


Collector-Base Breakdown Voltage V(BR)CBO 


(Ig = 100 wAde, IE = 0) 


Emitter-Base Breakdown Voltage _ - V(BR)EBO 
(lg = 100 wAdc, I¢ = 0) 

Collector Cutoff-Current IcEO pwAdc 
(VcE = 15 Vdc, tg = 0) . 

Collector Cutoff Current Ices 
(VcgE = 35 Vdc, Vee = 0) 

ON CHARACTERISTICS 


DC Current Gain 
(I¢ = 100 mAdc, VcE = 5.0 Vde) 


DYNAMIC CHARACTERISTICS 


Current-Gain—Bandwidth Product 
(1¢ = 50 mAdc, Voge = 15 Vde, f = 100 MHz) 
Output Capacitance 
(Veg = 30 Vdc, Ie = = 0,f=1.0 MHz) — 
FUNCTIONAL TEST — 
‘| Power Output (Figure 1) 
(Pin = 316 mW, VCE = 28 Vdc, f= 1.0 GHz) 


Power Output (Oscillator) (Figure 2) 
(Vcg = 20 Vdc, Veg = 1.5 Vde, f = 1.68 GHz) 
(Minimum Efficiency = 15%) 


Collector Efficiency — 
(Pin = 316 mW, VcE = 28 Vdc, f = 1.0 GHz) 


FIGURE 1 — 1.0 GHz POWER AMPLIFIER TEST CIRCUIT FIGURE 2 — 1.68 GHz POWER OSCILLATOR TEST CIRCUIT 


; : Vcc =+28V 
BIAS TRANSISTOR +VCC -VCC =2.0V 
Bee Se ea Board is Glass 
1 L1, U2 - 0.16"«1.31" | Teflon 
= L3 - 0.16'«0.65" t= 0.060" 
ER = 2.56 


L4 — RF Choke, 3.6 uHy 

Ct — 0.4 pF — 6.0 pF Johanson 4640 

L4 C2 — 1.0 pF -. 10 pF Johanson 4355 
C3, C4 — 25 pF Feedthru 

R —.2k Ohms Pot (Miniature) 


_ 
ND 
Ga? 
! 
on 
ao 
rs) 
— 
ao) oa ee a 
on 
o 
— 


[oO ee 


= . ar) 
= : Board is 


: - Glass = QuUTPUT 
21 = 0.280"x1.0" Teflon 
22 = 0.125" 1.0" t= 0.060" 
: €R = 2.56 
Q: MMs009 
. RB: 3.9 ofms 


T1,.72: Microfab Double Stub Tuner, or Equivalent ‘ 2 
Bias Tee: Microlab O8N, or Equivalent i 
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MMs009 


FIGURE 4 — POWER OUTPUT versus FREQUENCY 


FIGURE 3 — POWER OUTPUT versus POWER INPUT 
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f, FREQUENCY (GHz) 


Pin, POWER INPUT (WATTS) 


FIGURE 5 — POWER OUTPUT versus VOL TAGE 


FIGURE 6 — OSCILLATOR POWER OUTPUT versus CURRENT 


Ic, COLLECTOR CURRENT (mAdc) 


VCE, COLLECTOR-EMITTER VOLTAGE (VOLTS) 


FIGURE 8 — OUTPUT CAPACITANCE versus VOL TAGE 


FIGURE 7 — CURRENT-GAIN—BANDWIDTH PRODUCT 
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Veg, COLLECTOR-BASE VOLTAGE (VOLTS) 


Ic, COLLECTOR CURRENT (mAdc) 
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MOTOROLA 
ma SEMICONDUCTOR ERE 


TECHNICAL DATA MMBR901 


The RF Line Die Source Same as MRF901 


NPN Silicon 
High Frequency Transistors 


. designed primarily for use in high-gain, low-noise, small-signal UHF and 
microwave amplifiers constructed with thick and thin-film circuits using sur- RF AMPLIFIER TRANSISTOR 
face mount components. NPN SILICON 
@ High Power Gain — Gpe = 12 dB Typ @ f = 1 GHz 
@ Low Noise Figure — NF = 1.9 dB Typ @ f = 1 GHz 


MAXIMUM RATINGS 


Symbol 


*Total Device Dissipation, Ta = 25°C 
Derate above 25°C CASE 318-05, STYLE 6 


Storage Temperature | SOT-23 


*Package mounted on 99.5% alumina 10 x 8x 0.6 mm. 


DEVICE MARKING 


MMBR901 = 7A 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Symbol | Min | Max | Unit _| 


OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage V(BR)CEO 
(I¢ = 1.0 mAde, lp = 0) 

Collector-Base Breakdown Voltage V(BR)CBO 
(I¢ = 0.1 mAdc, IE = 0) 


Emitter-Base Breakdown Voltage V(BR)EBO 2.0 
(Ie = 0.1 mAdc, Ic = 0) 

Collector Cutoff Current ICBO nAdc 
(VcB = 15 Vdc, IE = 0) 


ON CHARACTERISTICS 


DC Current Gain hee 200 
(Ic = 5.0 mAdc, VcE = 5.0 Vdc) 


SMALL-SIGNAL CHARACTERISTICS 


Output Capacitance Cobo 
(VcB = 10 Vdc, IE = 0, f = 1.0 MHz) 
Common-Emitter Amplifier Power Gain Sal 12 (Typ) ae 


(Vcc = 6.0 Vdc, Ic = 5.0 mAdc, f = 1.0 GHz) 


Noise Figure 1.9 (Typ) 
(Ic = 5.0 mAdc, VcgE = 6.0 Vde, f = 1.0 GHz) 


MOTOROLA RF DEVICE DATA 
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_ MOTOROLA es 
me FECHNICAL DATA © i ‘ 
| MMBR920 

The RF Line a ere 
NPN Silicon — 
High Frequency Transistor 


at designed for thick and thin-film circuits using surface mount compo- 


nents and requiring low-noise, high-gain signal amplification at frequencies — ee: fe: 
te GAs i | RF AMPLIFIER TRANSISTOR 

@ High Gain — Gpe = 15 dB Typ @ f = 500 MHz NPN SILICON 

® Low Noise — NF = 2.4 dB Typ @ f = 500 MHz 


MAXIMUM RATINGS 


*Total Device Dissipation, Ta = 25°C 
Derate above 25°C CASE 318-05, STYLE 6 


SOT-23 


*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


DEVICE MARKING 


MMBR920 = 7B 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


[Rharactrite | Sembee [une 


OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage V(BR)CEO 
(I¢ = 1.0 mAdc, lp = 0) 

Collector-Base Breakdown Voltage V(BR)CBO 
(ic = 0.1 mAdc, IE = 0) 

Emitter-Base Breakdown Voltage 


(lg = 0.1 mAdc, Ic = 0) 
Collector Cutoff Current 
(VcB = 10 Vde, Ie = 0) 
ON CHARACTERISTICS 
DC Current Gain P 
(Ic = 14 mAde, Voge = 10 Vdc) 
SMALL SIGNAL CHARACTERISTICS 
Current-Gain — Bandwidth Product __ 
(Ic = 14 mAdc, Veg = 10 Vdc, f = 0.5 GHz) 
Collector-Base Capacitance 
(Vcp = 10 Vde; Ie = 0, f = 1.0 MHz) 
Noise Figure _ . 
(ic = 2.0 mAdc, Veg = 10 Vdc, f = 0.5 GHz) 
(ic = 2.0 mAdc, Veg = 10 Vde, f = 1.0 GHz) 
Common-Emitter Amplifier Power Gain 
(Ii¢ = 2.0 mAdc, Vcf = 10 Vde, f = 0.5 GHz) 
(ic = 2.0 mAdc, Veg = 10 Vdc, f = 1.0 GHz) 
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MOTOROLA 
= SEMICONDUCTOR xy 


TECHNICAL DATA 
ae MMBR930 


The RF Line 


NPN Silicon | 

High Frequency Transistor 

... designed for thick and thin-film circuits using surface mount compo- 
nents and requiring low-noise, high-gain signal amplification at frequencies AMPLIFIER TRANSISTOR 
serie NPN SILICON 


@ High Gain — Gog = 11 dB Typ @ f = 500 MHz 
@ Low Noise — NF = 1.9 dB Typ @ f = 500 MHz 


MAXIMUM RATINGS 


Rating 


Operating and Storage Junction Tj, Tstg | —55 to +150 
Temperature Range 


*Total Device Dissipation, Ta = 25°C 
Derate above 25°C 


CASE 318-05, STYLE 6 
SOT-23 
(TO-236AA/AB) 


°C/W 


*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 
DEVICE MARKING 


MMBR930 = 7C 


ELECTRICAL CHARACTERISTICS (T, = 25°C unless otherwise noted.) 


[SSSS™SCcterntn «dS ymbt [in| ty | Ma [Unt 


OFF CHARACTERISTICS 
Collector-Emitter Breakdown Voltage V(BR)CEO ee 
(I¢ = 1.0 mAdc, Ig = 0) 
Collector-Base Breakdown Voltage V(BR)CBO 
(Ic = 0.1 mAdc, IE = 0) 
Emitter-Base Breakdown Voltage V(BR)EBO 
(le = 0.1 mAde, Ic = 0) | 
Collector Cutoff Current ICBO 
(VcB = 5.0 Vdc, IE = 0) . 
ON CHARACTERISTICS 


DC Current Gain . hFE 
(I¢ = 30 mAdc, VcE = 5.0 Vdc) 


SMALL-SIGNAL CHARACTERISTICS 


Collector-Base Capacitance 
(Vcp = 10 Vdc, IE = 0, f = 1.0 MHz) 


Noise Figure 
(I¢ = 2.0 mAdc, VcE = 5.0 Vdc, f = 0.5 GHz) 
(I¢ = 2.0 mAdec, Vcg = 5.0 Vdc, f = 1.0 GHz) 


Common-Emitter Amplifier Power Gain 


(ic = 2.0 mAdc, Veg = 5.0 Vde, f = 0.5 GHz) 
(i¢ = 2.0 mAdc, VcE = 5.0 Vde, f = 0.5 GHz) 
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MOTOROLA } 
a SEMICONDUCTOR am tt ig 
TECHNICAL DATA — VIMBR931 


Die Source Same as: MRF931 


The RF Line © 
NPN Silicon oe 
High Frequency Transistor 


. .. designed primarily for use in low-power amplifiers to 1 GHz. Ideal for RF AMPLIFIER TRANSISTOR - 
pagers and other battery operated systems where power consumption is , | 


critical. | NPN SILICON 


MAXIMUM RATINGS | 


Collector-Emitter Voltage VCEO 
Collector-Base Voltage VcBO_ se 


Emitter-Base Voltage VEBO 


Ty, Tstg |—55 to +150 


2.0 


CASE 318-05, STYLE 6 
SOT-23 
(TO-236AA/AB) 


*Total Device Dissipation, Ta = 25°C 
Derate above 25°C 


*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


DEVICE MARKING 


MMBR931 = 7D 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voitage | V(BR)CEO 
(I¢ = 0.1 mAdc, Ip = 0) 
- Collector-Base Breakdown Voltage . V(BR)CBO 10 Vv 
(I¢ = 0.01 mAdc, IE = 0) 
Emitter-Base Breakdown Voltage V(BR)EBO 2.0 . Vde - 
(IE = 0.1 mAdc, Ic = 0) . 
Collector Cutoff Current . . IcBo  nAdc 
(Vcp = 5.0 Vdc, Ie = 0) . 
ON CHARACTERISTICS . ; | 


DC Current Gain hrE 30 
(Ic = 0.25 mAdc, VcE = 1.0 Vdc) | . 


SMALL-SIGNAL CHARACTERISTICS 


Collector-Base Capacitance 
(VcB = 1.0 Vde, Il— = 0, f = 1.0 MHz) 


Noise Figure . 
(I—e = 0.25 mAdc, VceE = 1.0 Vdc, f = 1.0 GHz) 


Power Gain at Optimum Noise Figure 
(le = 0.25 mAdc, VceE = 1.0 Vdc, f = 1.0 GHz) 
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MOTOROLA 
= SEMICONDUCTOR ee | 


TECHNICAL DATA : MMBR2060 
The RF Line 
NPN Silicon 
High Frequency Transistor 
_ designed primarily for use in high-gain, low-noise amplifier, oscillator. 


and mixer applications. Packaged for thick or thin-film circuits using surface RF AMPLIFIER TRANSISTOR 
mount components. 
i NPN SILICON 


MAXIMUM RATINGS 


a, ee 
[Conscorsmitervotage sd; Veeo | 
[colector-ase Votage ———=~S~*dtC a | 
[Emiter-Sese Voltage + ego | 40 


7 = 56 to eee 


Operating and Storage Junction 
Temperature Range =: 


THERMAL CHARACTERISTICS 


*Total Device Dissipation, Ta = 25°C 
Derate above 25°C 


*Thermal Resistance Junction to Ambient RgJA a “c/w 


*Package mounted on 99.5% alumina 10 x 8x 0.6 mm. 


DEVICE MARKING 


MMBR2060 = 7E 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 
Ohta Rem] 


OFF CHARACTERISTICS 
Collector-Emitter Breakdown Voltage (Ic = 1.0 mAdc, IB = 0) V(BR)CEO 


Collector Cutoff Current (Vcg = 10 Vdc, Ig = 0) ICBO 
Emitter Cutoff Current (Veg = 4.0, Ic = 0) | leBo | 


ON CHARACTERISTICS 


DC Current Gain 
(Ic = 5.0 mAdc, VcgE = 5.0 Vdc) 


CASE 318-05, STYLE 6 
SOT-23 
(TO-236AA/AB) 


Collector-Emitter Saturation Voltage VCE(sat) 
(Ic = 80 mAdc, Ig = 8.0 mAdc) a 

Base-Emitter Saturation Voltage — VBE(sat) 
(Ic = 40 mAdc, Ig = 20 mAdc) | 


SMALL-SIGNAL CHARACTERISTICS | 


Current-Gain — Bandwidth Product | 1.0 (Typ) 
(Ic = 20 mAdc, VcE = 1.0 Vde, f = 100 MHz) 


Small-Signal Current Gain 
Ale = 20'mAdc, VcgE = 10 Vdc, f = 500 MHz) 


Collector-Base Capacitance 
(VcB = 10 Vde, Ie = 0) . 


Emitter-Base Capacitance 
(VERB = 0.5 Vde, Ic = 0) 


Noise Figure 
(VcE = 10 Vde, IE = 1.5 mAdc, f = 450 MHz) 


Common-Emitter Amplifier Power Gain 12. 5 (Typ) 
(VCE = 10 Vdc, IE = 1.5 mAdc, f = 450 MHz) 


MOTOROLA RF DEVICE DATA 
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MOTOROLA 


Rae SCHNCAL DATA ae | 


TECHNICAL DATA 


The RF Line 


NPN Silicon 
High Frequency Transistor | 


. designed primarily for use in high-gain, low-noise amplifier, oscillator. 
and mixer applications. Packaged for thick or thin-film circuits using surface 
mount components. 


MAXIMUM RATINGS 
a 
[Cotesorsminer voteye | veo [168 
[colstor Base voltage | Veao | 90 
[colectorsmiterVotiage | Vces [30 

[a2 | 
CTA 


[Collector Current—Continuous | tc 
Temperature Range a 
THERMAL CHARACTERISTICS 


Characteristic 


*Total Device Dissipation, Ta = 25°C 
Derate above 25°C 


*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


DEVICE MARKING 


MMBR2857 = 7K 


- ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


MMBR2857_ 


Die Source Same as 2N2857 


RF AMPLIFIER TRANSISTOR 
NPN SILICON | 


CASE 318-05, STYLE 6 
. SOT-23 
(TO-236AA/AB) 


Sinan” -- saan UNes UW WE 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(I¢ = 3.0 mAdc, Ip = 0) 

Collector-Base Breakdown Voltage 
(Ic = 1.0 pAdc, IE = 0) 

Collector-Emitter Breakdown Voltage 
(I¢ = 3.0 mAdc, IE = 0) 


Emitter-Base Breakdown Voltage 
(lg = 10 wAde, Ic = 0) 


Collector Cutoff Current 
(VcB = 15 Vdc, IE = 0) 


ON CHARACTERISTICS 


DC Current Gain 
(I¢ = 3.0 mAdc, VcE = 1.0 Vdc) . 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain-Bandwidth Product 
(ic = 4.0 mAdc, Vcg = 10 Vdc, f = 


Collector-Base Capacitance | 
(VcB = 10 Vde, IE = 0, f = 0.1 MHz) 


Small-Signal Current Gain 
(lc = 2.0 mAdc, VcE = 6.0 Vde, f = 4 0 kHz) 


Noise Figure 
(Ic = 1.5 mAdc, VceE = 6.0 Vdc, Rs = 500, f = 450 MHz) 


Common-Emitter Amplifier Power Gain 
(Ic = 1.5 mAdc, Vcg = 6.0 Vdc, f = 450 MHz) 


100 MHz) 
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Saal Bt 
bi il 


MOTOROLA | | 


m= SEMICONDUCTOR 
TECHNICAL DATA 


MMBR4957 


Die Source Same as 2N4957 


The RF Line 


PNP Silicon 
High Frequency Transistor 


... designed for high-gain, low-noise amplifier oscillator and mixer applica- teeth a, a Ah 

tions. Specifically packaged for thick and thin-film circuits using surface ‘RF AMPLIFIER TRANSISTOR 
mount components. 3 PNP SILICON 

®@ High Gain — Gpe = 17 dB Typ @ f = 450 MHz 
@ Low Noise — NF = 3 dB Typ @ f = 450 MHz 


MAXIMUM RATINGS 


Operating and Storage Junction 
Temperature Range - 


eo _ CASE 318-05, STYLE 6 
*Total Device Dissipation, Ta = 25°C SOT-23 
Derate above 25°C . sale (TO-236AA/AB) 


*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


DEVICE MARKING 


MMBR4957 = 7F . . . 


_ ELECTRICAL CHARACTERISTICS (Ta = 25°C unless etheiwise noted.) 


| Characteristic =| Symbot | min =| Max =| unit | 
OFF CHARACTERISTICS | : : 


Collector-Emitter Breakdown Voltage 
(Ic = 1.0 mAdc, Ig = 0) 


| Collector-Base Breakdown Voltage 
(I¢ = 100 pAdc, IE = 0) 


Emitter-Base Breakdown Voltage | 
(iE = 100 Adc, Ic = 0) 


Collector Cutoff Current 
(VcB = 10 Vdc, Ic = 0) 


ON CHARACTERISTICS 
DC Current Gain 


(Ic = 2.0 mAdc, VcE = 10 Vdc) 
SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 


7 fT 1,200 | 
(le = 2.0 mAdc, VcE = 10 Vdc, f = 100 MHz) Coe (Typ) 
Collector-Base Capacitance 7 Cob 
(Vcp = 10 Vdc, Ie = 0, f = 1.0 MHz) 
Common-Emitter Amplifier Power Gain 17 (Typ) on aoe 


(VcE = 10 Vdc, Ic = 2.0 mAdc, f = 450 MHz) 


Noise Figure NF 3.0 (Typ) 
(Ic = 2.0 mAdc, Vcg = 10 Vde, f = 450 MHz) : ot! 


MOTOROLA RF DEVICE DATA 
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MOTOROLA 

= SEMICONDUC?POR yy Etech Chane s ye 
TECHNICAL DATA — MMBR5031 
The RF Line Die Source Same as sees 


NPN Silicon | 
High Frequency Transistor 

. designed for thick and thin-film circuits using surface mount compo- 
nents and requiring low-noise, high-gain signal amplification at frequencies RF AMPLIFIER TRANSISTOR 
ie | NPN SILICON , 


® High Gain — Gpe = 17 dB Typ @ f = 450 MHz 
@ Low Noise — ee = 2.6 dB Typ @ f = 450 MHz 


MAXIMUM RATINGS 


| | 
ee ee 
vero | 30 
ae ee 


Ty, Tstg |-55 to +150 


THERMAL CHARACTERISTICS 
Characteristic 


CASE 318-05, STYLE 6 
SOT-23 
(TO-236AA/AB) 


*Total Device Dissipation, Ta = 25°C 
Derate above 25°C 


Storage Temperature 
*Thermal Resistance Junction to Ambient 


*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


DEVICE MARKING 


MMBR5031 = 7G 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Po haracteristie | Symbot [min [Max | Unit 


OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage V(BR)CEO 
(I¢ = 1.0 mAdc, Ip = 0) 

Collector-Base Breakdown Voltage . V(BR)CBO 
(I¢ = 0.01 mAde, le = 0) 


Emitter-Base Breakdown Voltage V(BR)EBO 
(l— = 0.01 mAdc, Ic = 0) 
Collector Cutoff Current 


(VcB = 6.0 Vdc, IE = 0) 
ON CHARACTERISTICS 


DC Current Gain . hFE 
(ic = 1.0 mAdc, Vcg = 6.0 Vdc) 


SMALL-SIGNAL CHARACTERISTICS — 


Current-Gain — Bandwidth Product 
(Ic = 5.0 mAdc, VcE = 6.0 Vdc, f = 100 MHz) 


Collector-Base Capacitance 
(VcE = 6.0 Vdc, IE = ues = 0.1 MHz) 


Noise Figure 
(Ic = 1.0 mAdc, VcE = 6.0 Vde, f = 450 MHz) 


Common-Emitter Amplifier Power Gain . 4 
(i¢ = 1.0 mAdc, Vcg = 6.0 Vdc, f = 450 MHz) — 


fr 1,000 
(Typ) 


epee pe 
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_ MOTOROLA _ 
= SEMICONDUCTOR mm 
TECHNICAL DATA 


The RF Line 
NPN Silicon 
High Frequency Transistor 


... designed for small-signal amplification at frequencies to 500 MHz. Specif- 
ically packaged for use in thick and thin-film circuits using surface mount 


MMBR5179 


Die Source Same as 2N5179 - 


components. | | | 
® High Gain — Gog = 15 dB Typ @ f = 200 MHz | RF AMPLIFIER TRANSISTOR 
® Low Noise — NF = 4.5 dB Typ @ f = 200 MHz NPN SILICON 


‘MAXIMUM RATINGS 


Operating and Storage Junction 
Temperature Range 


THERMAL CHARACTERISTICS . 


[Characteristic ———SSS*~dSSymbot_ | Maw 
*Total Device Dissipation, Ta = 25°C 350 
Derate above 25°C 2.8 


*Thermal Resistance Junction to Ambient °C/W 


*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


DEVICE MARKING 


MMBR5179 = 7H 


ELECTRICAL CHARACTERISTICS (T, = 25°C unless otherwise noted.) 


Characteristic | | Symbol | Min | Max | unit _| 
OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage V(BR)CEO 12 
(I¢ = 3.0 mAdc, Ip = 0) 

Collector-Base Breakdown Voltage . V(BR)CBO 
(I¢ = 0.01 mAdc, IE = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO 
(Ie = 0.01 mAdc, Ic = 0) 

Collector Cutoff Current | ICBO 

(VcB = 15 Vde, IE = 0) 


ON CHARACTERISTICS 


DC Current Gain hFE 
(i¢ = 3.0 mAdc, Vcg = 1.0 Vdc) 
Collector-Emitter Saturation Voltage VCE(sat) 
(Ic = 10 mAdc, Ig = 1.0 mAdc) 
_ VBE(sat) 


CASE 318-05, STYLE 6 
SOT-23 
(TO-236AA/AB) 


Base-Emitter Saturation Voltage 
(I¢ = 10 mAde, Ig = 1.0 mAdc) 
SMALL SIGNAL CHARACTERISTICS _ 
Current-Gain — Bandwidth Product 

(lc = 5.0 mAdc, VcE = 6.0 Vde, f = 100 MH 
Collector-Base Capacitance | | 
(Vcg = 10 Vdc, Ie = 0, f = 0.1 to 1.0 MHz). 
Small Signal Current Gain 
(Ic. = 2.0 mAdc, VcE = 6.0 Vde, f = 1.0 kHz) 
Noise Figure rs 
(Ic = 1.5 mAdc, VcE =.6.0 Vdc, Rg = 50 0, f = 200 Mhz) © 
Common-Emitter Amplifier Power Gain 3 
(VcE = 6.0.Vde, Ic = 5.0 mAdc, f = 200 MHz) 


900 | 
(Typ) 
Cia bd 


5 ; 
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MOTOROLA 


= SEMICONDUCTOR 
TECHNICAL DATA 


MPS536 — 
The RF Line ~MMBR536 

PNP Silicon ee 
High Frequency Transistor 


... this high current gain-bandwidth transistor makes an excellent RF amplifier and 
oscillator. It is available in the surface mount SOT-23 low cost plastic package. 


@ High Current Gain-Bandwidth Product 
ff = 5.5 GHz (Typ) @ Ic = 20 mA 
® High Gain 
Gne = 14 dB (Typ) @ 10 mA/500 MHz 
® Low Collector-Base Capacitance 
Cob = 0.8 pF (Typ) @ Vcp = 5 Vde 
@ Tape and Reel Packaging Options 


LOW NOISE 
HIGH RF GAIN 


MAXIMUM RATINGS 


CASE 29-04, STYLE 2 
TO-226AA 
(TO-92) 
MPS536 


ig 
CASE 318-05, STYLE 6 
DEVICE MARKING SOT-23 


MMBR536 
MMBR536 = 7R : 


ELECTRICAL CHARACTERISTICS (Tc = 25°C) 


[SSC harass ——SSSS~*dC« et “| Mn =| To] Ue 
OFF CHARACTERISTICS 

[CollectorEmiter Breakdown Voltage c= 2mAlp=0 | Wemceo | 0 | — | — | veo 
[Collector dese Breakdown Voltage ig = T00WA.te =0) | Wenycso | 15 | — | — | Vee 
Emitter-Base Breakdown Voltage (Ip = 10 uA, Ic = 0) | Verso | 45 | — | — | Vde | 
[cotlestor Cutoff Curent Wop = 10Veste= 0) ———~«dt~—sitego—«| ~*~ 


ON CHARACTERISTICS 


[be Curent Gain c= 20mAVee=SMSSSCSC~C~dSCi‘a mC 


DYNAMIC CHARACTERISTICS 


Current Gain-Bandwidth Product fT 
(I¢ = 20 mAdc, VcgE = 5 Vde, f = 1 GHz) 
Collector-Base Capacitance (Vcg = 5 Vdc, Ip = 0, f = 1 MHz) a a eee 


FUNCTIONAL TESTS 


Gain @ Noise Figure 
(I¢ = 10 mAdc, VcE 


Power Dissipation @ Ta = 25°C 
Derate Above 25°C 


Noise Figure 
(I¢ = 10 mAdc, VCE 
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Figure 2. Maximum Available Gain (Gamax) 


Figure 1. Current Gain-Bandwidth Product 


versus Frequency 


versus Collector Current 
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Figure 4. Gain at Noise Figure versus 
Collector Current 


Umax) 


and Insertion Gain (|/S24/2) 
versus Frequency 


Figure 3. Maximum Unilateral Gain (G 
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Figure 6. Input Capacitance versus 


Figure 5. Noise Figure versus Collector Current 


Emitter-Base Voltage 
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MPS536, MMBR536 
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Figure 7. Output Capacitance versus 
Collector-Base Voltage 


INPUT/OUTPUT REFLECTION COEFFICIENTS FORWARD AND REVERSE TRANSMISSION COEFFICIENTS 


versus versus 
FREQUENCY FREQUENCY 
VceE = 10 V, Ic = 10 mA VcE = 10 V,ic = 10 mA 
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MOTOROLA 


m= SEMICONDUCTOR 
TECHNICAL DATA 


MPS571 
The RF Line MIMBR571 
NPN Silicon 


High Frequency Transistors 


.. designed for low noise, wide dynamic range front-end amplifiers and low-noise 
VCO’s. Available in a surface-mountable plastic package, as well as the popular 
TO-226AA (TO-92) package. This Motorola series of small-signal plastic transistors offers 
superior quality and performance at low cost. 


® High Gain-Bandwidth Product 
f? = 8 GHz (Typ) @ 50 mA 
@ Low Noise Figure 
NF = 2 dB (Typ) @ 500 MHz 


LOW NOISE 
HIGH RF GAIN 


@ High Gain 
GNF = 17 dB (Typ) @ 30 mA/500 MHz CASE 29-04, STYLE 2 
® State-of-the-Art Technology TO-226AA 
Fine Line Geometry (TO-92) 
lon-Implanted Arsenic Emitters MPS571 


Gold Top Metallization and Wires 
Silicon Nitride Passivation 
e Tape and Reel Packaging Options 


CASE 318-05, STYLE 6 
SOT-23 
MMBR571 


MAXIMUM RATINGS 


Collector-Emitter Voltage VCEO a ae 
Collector-Base Voltage VCBO eee ee 


Emitter-Base Voltage ee 
Collector Current —- Continuous 


Power Dissipation @ Ta = 25°C 200 
(Free Air) 
Storage Temperature —55 to +150 


DEVICE MARKING 


MMBR571 = 7X 
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MPS571, MMBR571 


_ ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 


—— 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage V(BR)CEO 
(Ic =.1 mA, Ig = 0) 
Collector-Base Breakdown Voltage V(BR)CBO 
(Ic = 0.1 mA, IE = 0) 
Emitter-Base Breakdown Voltage V(BR)EBO 
(IE = 50 pAdc, Ic = 0) 
Collector Cutoff Current ICBO Ade. 
(VcB = 8 Vdc, Ig = 0) 
ON CHARACTERISTICS —— 


DC Current Gain 
(Ic = 30 mAdc, VcE = 5 Vdc) 


DYNAMIC CHARACTERISTICS 
Collector- Base Capacitance 
(VcB = 10 Vde, Ie = 0, f = 1 MHz) 
Current Gain-Bandwidth Product 
(VceE = 5 Vdc, Ic = 50 mAdc, f = 1 GHz) MPS571 
MMBR571 


FUNCTIONAL TESTS 


Gain @ Noise Figure 
(Ic = 10 mAdc, VceE = 5Vde) MPS571 


Hh sh Hh mh 
tow oat 


MMBR5/71 


Noise Figure 
(Ic = 10 mAdc, VcE = 5 Vdc) MPS571 


MMBR571 


Hoi WoW 
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Figure 1. Maximum Available Gain Figure 2. Current Gain-Bandwidth versus 
versus Frequency Collector Current @ 1 GHz 
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MPS571, MMBR571 


Figure 3. Input Capacitance versus 


Emitter Base Voltage 
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MPS571, MMBR571 


Figure 6. Noise Figure versus Collector Current 
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MPS571, MMBR571 


TO-92 MPS571 


INPUT/OUTPUT REFLECTION COEFFICIENTS FORWARD/REVERSE TRANSMISSION 
versus FREQUENCY COEFFICIENTS versus FREQUENCY 
Vce = 5 V, Ic = 30 mA | VcE = 5V, Ic = 30 mA 


ae 
z/ 
By 
() 


180° 


“5 
nel 
Ned 


A 
(? 
is 


MOTOROLA RF DEVICE DATA 


2-264 


MPS571, MMBR571 


SOT-23 MMBRS571 


INPUT/OUTPUT REFLECTION COEFFICIENTS _ FORWARD/REVERSE TRANSMISSION : 
, versus FREQUENCY oe COEFFICIENTS versus FREQUENCY 
VcE = 5 V. Ic = 30 mA _ . Voce = 5V, ic = 30 mA 


180° 


COMMON EMITTER S-PARAMETERS 
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_ SEMICONDUCTOR ee 
” TECHNICAL DATA eg MPS901 


| | | MPS1983 


2.4 dB @ 900 MHz 


HIGH FREQUENCY 
TRANSISTOR 


NPN SILICON HIGH-FREQUENCY TRANSISTOR 
NPN SILICON 


. designed primanly for use in high- gain, low-noise small- signal 
amplifiers. 


@ High Current-Gain-Bandwidth Product — fr = 4.5 GHz (Typ) 
@ Ic = 15 mAdc. 


@ High Power Gain — Gpe = 12 dB (Typ) @ f = 900 MHz 
@ Low Noise Figure — NF = 2.4 dB (Typ) @ f = 900 MHz 


e Low Feedback Capacitance — Cop = 0.5 pF (Typ) @ 
@ Die Source Same as MRF901 


MAXIMUM RATINGS 


a 
a 


Collector | Collector Current —Continuous | — Continuous 


Total Device Dissipation @ Tc = 25°C = — 
Derate above 25°C 3.0 mW/°C 
etgrage Temperature Range -55 to +150 cz 


| THERMAL CHARACTERISTICS : 
[ents [sino [noe [on 
[iaaitecnanes.aneonwanien | Rwa [ao | cow 


STYLE 2: 


PIN 1. BASE ae 
2. EMMITTER an, N 
3. COLLECTOR 
- N 


NOTES: 

1. CONTOUR OF PACKAGE BEYOND ZONE “P” IS 
UNCONTROLLED, 

2. DIM “F" APPLIES BETWEEN “H” AND “L”. DIM 
“D" & "S” APPLIES BETWEEN “L" & 12.70mm 
(0.5”) FROM:SEATING PLANE. LEAD DIM IS 
UNCONTROLLED IN “H” & BEYOND 12.70mm 
(0.5”) FROM SEATING PLANE. 

3. CONTROLLING DIM: INCH. 


CASE 29-04 
TO-226AA 
(TO-$2) 
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MPS901, MPS1983 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 


| Characteristic | Symbol | Min | Typ | Max | Unit | 
OFF CHARACTERISTICS . 


Collector-Emitter Breakdown Voltage ViBR)CEO 
(I¢ = 1.0 mAdc, Ip = O) . . 
Collector-Base Breakdown Voltage | - ViBR)CBO.. -| 
(Ic = 0.1 mAdc, l—E=0) 


_Emitter-Base Breakdown Voltage + ViBR)EBO 
(IE = 0.1.mAdc, Ic = 0) 


Collector Cutoff Current : . ICBO 
(Vcp = 15 Vde, IE = 0) 


ON CHARACTERISTICS 


DC Current Gain © hee |: 20" 80 500 Ss 
(Ic = 10 mAdc, Vcg = 10 Vde) 


DYNAMIC CHARACTERISTICS 


Current-Gain-Bandwidth Product . fT — 4.5 
Ic = 15 mAdc, VcE = 10 Vdc, f = 1.0 GHz) 

Collector-Base Capacitance Cob — 0.5 
(Vcp = 10 Vdc, Ig = O, f = 1.0 MHz) | 

Noise Figure (Figure 1) NF ee 2.4 


(Ic = 5.0 mAdc, VcE = 10 Vdc, f = 900 MHz) 
FUNCTIONAL TESTS 


Common-Emitter Amplifier Power Gain (Figure 1) 
(Ic = 10 mA, Veg = 10 Vdc, f = 900 MHz) 


RF Output 
RF Input 


Bias = Slug Tuner 
Tee 


FIGURE 2 — CURRENT GAIN-BANDWIDTH PRODUCT 
‘versus COLLECTOR CURRENT 


fy, CURRENT GAIN-BANDWIDTH PRODUCT (GHz) 


Ic, COLLECTOR CURRENT (mA) 
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MPS901, MPS1983 


FIGURE 4 —|S94/2 versus FREQUENCY 


FIGURE 3 — MAXIMUM AVAILABLE GAIN 


versus COLLECTOR CURRENT 
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FIGURE 8 — COLLECTOR-BASE CAPACITANCE 


FIGURE 7 — INPUT CAPACITANCE versus 


versus COLLECTOR-BASE VOLTAGE 
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MPS901, MPS1983 


VCE Ic 
(Volts) (mA) 
5.0 50 | 


TABLE | 


TABLE Il 


(Volts) 
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MOTOROLA 
ga SEMICONDUCTOR xx 
- TECHNICAL DATA 


The RF Line | NMIPS911 
NPN Silicon MIVIBR911 


High Frequency Transistors 


... designed for low noise, wide dynamic range front-end amplifiers and low-noise 
VCO’s. Available in a surface-mountable plastic package, as well as the popular LOW NOISE 

TO-226AA (TO-92) package. This Motorola series of small-signal plastic transistors offers HIGH RF GAIN 
superior quality and performance at low cost. 


® High Gain-Bandwidth Product 
f7 = 7 GHz (Typ) @ 30 mA 
®@ Low Noise Figure 
NF = 1.7 dB (Typ) @ 500 MHz 
@ High Gain 
GNF = 17 dB (Typ) @ 10 mA/500 MHz 
@ State-of-the-Art Technology 
Fine Line Geometry CASE 29-04, STYLE 2 
lon-Implanted Arsenic Emitters TO-226AA 
Gold Top Metallization and Wires (TO-92) 
Silicon Nitride Passivation MPSS11 


® Tape and Reel Packaging Options 
2 


CASE 318-05, STYLE 6 
SOT-23 
MMBR911 


MAXIMUM RATINGS 


Cangas [nn [Uk 


Power Dissipation @ Ta = 25°C 625 200 
(Free Air) 
Storage Temperature —55 to + 150 


DEVICE MARKING 


MMBR911 = 7P . 


MOTOROLA RF DEVICE DATA 
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MPS911, MMBR911 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 


[hereto «dS embot | in| Typ [Man 


OFF CHARACTERISTICS a 


Collector-Emitter Breakdown Voltage V(BR)CEO 12 Vde 
(Ic = 1 mA, Ip = 0) 

Collector-Base Breakdown Voltage V(BR)CBO 20 Vde 
(I¢ = 0.1 mA, IE = 0) . 
Emitter-Base Breakdown Voltage . V(BR)EBO 3 Vde | 
(iE = 0.1 mA, Ic = 0) | 
Collector Cutoff Current ICBO 50 nAdc 

(VcB = 15 Vde, IE = 0) 
ON CHARACTERISTICS 


DC Current Gain hFE 30 200 
(I¢ = 30 mAdc, VcE = 10 Vdc) 


DYNAMIC CHARACTERISTICS 


Collector-Base Capacitance 
(VcB = 10 Vdc, Ile = 0, f = 1 MHz) 


Current Gain-Bandwidth Product 
(VCE = 10 Vdc, Ic = 30 mAdc, f = 1 GHz) MPS911 
MMBR9Q11 


FUNCTIONAL TESTS 


Gain @ Noise Figure 
(Ic = 10 mAdc, VcgE = 10 Vdc) MPS911 


MMBR911 


ee a ee 


tow oe il 


Noise Figure 
(I¢ = 10 mAdc, Vcg = 10 Vdc) MPS911 


MMBR911 
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Tee 
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fr, CURRENT GAIN-BANDWIDTH PRODUCT (GHz) 


ea 


Ic, COLLECTOR CURRENT (mA) 


Figure 1. Current Gain-Bandwicth versus 
Collector Current @ 1 GHz 
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MPS911, MMBR911 


Figure 2. Input Capacitance versus 


Base-Emitter Voltage 
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Collector-Base Voltage 
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Figure 4. Gain at Noise Figure versus 


Collector Current 
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MPS911, MMBR911 


Figure 5. Noise Figure versus Collector Current 
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Figure versus Frequency 
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insertion Gain versus Frequency 
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MPS911, MMBR911 


TO-92 MPS911 


: lps 
. Z 


INPUT AND OUTPUT REFLECTION COEFFICIENTS ; FORWARD AND REVERSE TRANSMISSION 
versus FREQUENCY COEFFICIENTS versus FREQUENCY 
VceE = 10 V,ic = 30 mA VcE = 10 V, Ic = 30 mA 


COMMON EMITTER S-PARAMETERS 


VCE 
(Volts) 
10 m3 


MOTOROLA RF DEVICE DATA 
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MPS911, MMBR911 


SOT-23 MMBR911 


INPUT/OUTPUT REFLECTION COEFFICIENTS FORWARD AND REVERSE TRANSMISSION _ 


versus FREQUENCY COEFFICIENTS versus FREQUENCY 


VceE = 10 V, Ic = 30 mA ; . VcE = 10 V, Ic = 30 mA 


COMMON EMITTER S-PARAMETERS 


MOTOROLA RF DEVICE DATA 
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__ MOTOROLA | | 
= SEMICONDUCTOR yyy Be | 
TECHNICAL DATA MPS3866 


Die Source Same as 2N3866 


The RF Line 


MAXIMUM RATINGS 


AMPLIFIER TRANSISTOR 
NPN SILICON 


Collector-Emitter Voltage | 30 
Collector-Base Voltage VcBOo a ee Vdc 


Emitter-Base Voltage 


Collector Current —. Continuous 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


Total Device Dissipation @ Tc = 25°C 1.5 Watts 
Derate above 25°C 12 mWw/°C 
Operating and Storage Junction Tj, Tstg | —55 to +150 °C 
Temperature Range 


THERMAL CHARACTERISTICS 


CASE 29-04 
TO-226AA 
(TO-92) 


| Characteristic | Symbol | Max | Unit 
ReJA 
ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 
Collector-Emitter Breakdown Voltage V(BR)CER Vdc 
(I¢ = 5.0 mAdc, Ree = 10 2) 
(VcE = 30 Vdc, Vpg = —1.5 Vdc (Rev.), Te = 150°C 
ON CHARACTERISTICS 
(Ic = 50. mAdc, Vcg = 5.0 Vdc) 
SMALL-SIGNAL CHARACTERISTICS 
FUNCTIONAL TEST 
(Vcc = 28 Vde, Poyt = 1.0 W, f = 400 MHz) 


Thermal Resistance, Junction to Case ReJc | 3.3 | CW 
CCharacterntn SS S*dSSvmbot | Min [Mex [Unit 
Collector-Emitter Sustaining Voltag VCEO(sus) 30 Vdc 
(I¢ =,5.0 mAdc, Ip = 0) : 
(VcE = 28 Vdc, Ip = 0) 
ICEX 
(VcE = 55 Vdc, Veg = —1.5 Vdc (Rev.) 
DC Current Gain 
Collector-Emitter Saturation Voltage 
Current-Gain — Bandwidth Product fT 
(Ic = 50 mAdc, Vcg = 15 Vdc, f = 200 MHz) 
Amplifier Power Gain 
(Vcc = 28 Vdc, Poyt = 1.0 W, f = 400 MHz) 
(1) Pulse Test: Pulse Width < 300 HS, Duty Cycle <= 2.0%. 


Thermal Resistance, Junction to Ambient | Raa | 200 =| cw 

OFF CHARACTERISTICS 

Emitter-Base Breakdown Voltage - V(BR)EBO 3.5 Vde | 
(IE = 100 wAdc, Ic = 0) 

Collector Cutoff Current — 

Emitter Cutoff Current mAdc 
(VBE = 3.5 Vdc, Ic = 0) 
(I¢ =.360 mAdc, Vcge = 5.0 Vdc)(1) 
(I¢ = 100 mAdc, IB = 20 mAdc) 

Output Capacitance Cobo 3.0 pF 
(VcB = 28 Vde, Ie = 0, f = 1.0 MHz) | 

Collector Efficiency 
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=z SEMICONDUCTOR xe 


MOTOROLA ate 8 ee 


TECHNICAL DATA _ 

” ae |MRA0204-30V 
TheRFLine  —t™~ atten ae 
UHF Power Transistor 


... designed primarily for wideband, large-signal output and driver amplifier stages in 


9 dB 


the 225 to 400 MHz frequency range. | 225-400 MHz ae 

@ Designed for Class AB Linear Power Amplifiers 30 WATTS .__ 

© Specified 28 Volt, 400 MHz Characteristics: BROADBAND 
Output Power — 30 Watts UHF POWER 


Power Gain — 9 dB Min 

@ Built-in Matching Network for Broadband Operation Using Double Matching 
Technique | -\ es 

@ Gold Metallization for Improved Reliability 

@ Diffused Ballast Resistors. 


TRANSISTOR 


.500 J ZERO 
CASE 316A-01, STYLE 1 


MAXIMUM RATINGS 


ELECTRICAL CHARACTERISTICS 


[haracarne—SSCS~*~*~*~SC«R mt ||| 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage (ic = 25 mA, Ip = 0) V(BR)CEO 
Collector-Emitter Breakdown Voltage (Ic = 25 mA, VBE = 0) V(BR)CES 
Collector-Base Breakdown Voltage (Ic = 25 mA, IE = 0) V(BR)CBO 


Emitter-Base Breakdown Voltage (IE = 5 mA, ic = 0) V(BR)EBO 


Collector Cutoff Current (Vcg = 30 V, IE = 0) ICBO 


ON CHARACTERISTICS 


; 
Qa 
a 


DYNAMIC CHARACTERISTICS 


(continued) 


MOTOROLA RF DEVICE DATA 
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MRA0204-30V 


ELECTRICAL CHARACTERISTICS — continued 


oo Characteristic | Symbot [| Min | Typ | Max | Unit | 


FUNCTIONAL TESTS 


Common-Emitter Amplifier Power Gain 
(VCE = 28 V, Poyt = 30 W, f = 400 MHz, Icq = 60 mA) 


Load Mismatch 
(VCE = 28 V, icq = 60 mA, Poyt = 30 W, f = 400 Mkz, | 
Load VSWR = ©:1, All Phase Angles) 


No Degradation in 
Output Power 


S 


Zin, SERIES INPUT IMPEDANCE (OHMS) 


f, FREQUENCY (MHz) 


200 300 400 500 Figure 2. Load Impedance versus Frequency 
f, FREQUENCY (MHz) 


Figure 1. Input Impedance versus Frequency 


MOTOROLA RF DEVICE DATA 


2-278 


MOTOROLA 


= SEMICONDUCTOR @ 


TECHNICAL DATA 


|MRA0204-60 
The RF Line - - 
UHF Power Transistor 


8 dB 


... designed primarily for wideband, large-signal output and driver amplifier stages in 225-400 MHz 

the 225 to 400 MHz frequency range. . _- - 60 WATTS 

® Designed for Class C or Class AB Linear Power Amplifiers a? | | _ BROADBAND 

@ Specified 28 Volt, 400 MHz Characteristics: | _ UHF POWER © 
Output Power — 60 Watts Se : B34 - TRANSISTOR 


Power Gain — 8.2 dB Min, Class C 
— 9.5 dB Min, Class AB | 
® Built-In Matching Network for Broadband Operation Using Double Matching 
Technique 
@ Gold Metallization for Improved Reliability 
e Diffused Ballast Resistors 


.500 J ZERO 
CASE 316A-01, STYLE 1 


MAXIMUM RATINGS 


Ad 


ce 


—65 to +150 °C 


eS 
Thermal Resistance, Junction to Case Rg@Jc 


ELECTRICAL CHARACTERISTICS | 


Chacko ——SSSSSSCSCSC*dSC«R tn) MeU 

OFF CHARACTERISTICS 

[Collector miter Breakdown Votage ic =25mAlg=0) | Vineco | 0 | — 

CollectorEmiter Beatdown Vokage ic = 25 mA, Vee - 0 | Vienices | 60 | — 

[Collestor Bose Breakdown Votage ic =25mAle= 0 | Wericso | 60 | — 
ee 
eo 


Emitter-Base Breakdown Voltage (IE = 5 mA, Ic = 0) V(BR)EBO 
Collector Cutoff Current (Vcg = 30 V, IE = 0) ICBO 


ON CHARACTERISTICS 

[oc Curent Gein 1AVe=8~SOSC~“‘“‘*S*S*dSCS:~SCdS=C(‘a SS dT  —*' 
DYNAMIC CHARACTERISTICS 

[Outpt Capactance Wop = 20Vie-af-iwi +» [| - | — | ” | | 


(continued) 


MOTOROLA RF DEVICE DATA 
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MRA0204-60 


ELECTRICAL CHARACTERISTICS — continued 
OS 
FUNCTIONAL TESTS _ 


Common-Emitter Amplifier Power Gain — Class C 


Common-Emitter Amplifier Power Gain — Class AB 


(VCE = 28 V, Pout = 60 W, f = 400 MHz, Icq = 120 mA) 


Load Mismatch 
(VCE = 28V, Pout = 60 W, f = 400 MHz, 
Load VSWR = 5:1, All Phase Angles) 


Saturated Output Power (VcE = 28 V, f = 400 MHz) 


No Degradation in 
Output Power 


TYPICAL CHARACTERISTICS 


Zin, SERIES INPUT IMPEDANCE (OHMS) 
Z|, SERIES LOAD IMPEDANCE (OHMS) 


f, FREQUENCY (MHz) | f, FREQUENCY (MHz) 


Figure 1. Input Impedance versus Frequency Figure 2. Load Impedance versus Frequency 


- MOTOROLA RF DEVICE DATA 
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MOTOROLA — 
= SEMICONDUCTOR oxy 
TECHNICAL DATA a ) | 


|MRA0204-60V 
The RF Line | pt ee 
UHF Power Transistor 


8 dB 
... designed primarily for wideband, large-signal output and driver amplifier stages in 225-400 MHz 
the 225 to 400 MHz frequency range. “a yo CAB LANG 
® Designed for Class C or Class AB Linear Power Amplifiers | UHF POWER 


@ Specified 28 Volt, 400 MHz Characteristics: 
Output Power — 60 Watts 
Power Gain — 7.8 dB Min, Class C 
— 8.5 dB Min, Class AB 
@ Built-In Matching Network for Broadband Operation Using Double Matching 
Technique 
® Gold Metallization for Improved Reliability 
@ Diffused Ballast Resistors 


TRANSISTOR 


500 J ZERO 
CASE 316A-01, STYLE 1 


MAXIMUM RATINGS 


THERMAL CHARACTERISTICS 7 


eS 


ELECTRICAL CHARACTERISTICS 


OFF CHARACTERISTICS 


ON CHARACTERISTICS 


ee a ee ee 


DYNAMIC CHARACTERISTICS 


Output Capacitance (Veg = 28 V, le = 0, f = 1 MHz) ee ee ee ee ee ae 


(continued) 


MOTOROLA RF DEVICE DATA | : . 
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MRA0204-60V 


ELECTRICAL CHARACTERISTICS — continued 
[Characters ———SSSSS*diCS btn | te | Mex | Ut | 
FUNCTIONAL TESTS 


Common-Emitter Amplifier Power Gain —.Class C 
(VcE = 28 V, Pout = 60 W, f = 400 MHz) 


Common-Emitter Amplifier Power Gain — Class AB 
(VCE = 28 V, Poyt = 60 W, f = 400 MHz, IcQ = 120 mA) 


Load Mismatch a 
(VCE = 28 V, Pout = 60 W, f = 400 MHz, pete 
Load VSWR = 00:1, All Phase Angles) 


Saturated Output Power (VcE = 28 V, f = 400 MHz) 


Figure 1. Input Impedance versus Frequency Figure 2. Load Impedance versus Frequency 


Zin, SERIES INPUT IMPEDANCE (OHMS) 
Z,, SERIES LOAD IMPEDANCE (OHMS} 


f, FREQUENCY (MHz) f, FREQUENCY (MHz) 


MOTOROLA RF DEVICE DATA 
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MOTOROLA 


ma SEMICONDUCTOR! 
TECHNICAL DATA 


MRA0204-60VH 


The RF Line 
UHF Power Transistor 


8 dB 
... designed primarily for wideband, large-signal output and driver amplifier stages in . 225-400 MHz 
the 1.2 to 1.4 GHz frequency range. 60 WATTS 
® Designed for Class C or Class AB Linear Power Amplifiers BROADBAND 
@ Specified 28 Volt, 400 MHz Characteristics: UHF POWER 


Output Power — 60 Watts TRANSISTOR 
Power Gain — 7.8 dB Min, Class C 
8 dB Min, Class AB 
@ Built-In Matching Networks — Input and Output — for Broadband 
© Gold Metallization for Improved Reliability 
@ Diffused Ballast Resistors 
@ Hermetic Package for Military/Space Applications 


HLP-19 
CASE 402A-01, STYLE 1 


MAXIMUM RATINGS 


z 


THERMAL CHARACTERISTICS 


ELECTRICAL CHARACTERISTICS 


a 

OFF CHARACTERISTICS 

Collectorémiter Breekdown Votage ic = 26mAle= 0 | Vanco | | — | 
el = (a 
ee an 


Emitter-Base Breakdown Voltage (IE = 5 mA, Ic = 0) V(BR)EBO 
Collector Cutoff Current (VcB = 30 V, IE = 0) ICBO 


ON CHARACTERISTICS 


DYNAMIC CHARACTERISTICS 


(continued) 


MOTOROLA RF DEVICE DATA 
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MRA0204-60VH 


ELECTRICAL CHARACTERISTICS — continued 


Characteristic 


FUNCTIONAL TESTS 


Common-Emitter Amplifier Power Gain — Class C GPE1 7.8 
(Vce = 28 V, Pout = 60 W, f = 400 MHz) 


Common-Emitter Amplifier Power Gain — Class AB 
(VcE = 28 V, Pout = 60 W, f = 400 Mhz, lcq = 120 mA) 


Load Mismatch No Degradation in 
(VcE = 28 V, Pout = 60 W, f = 400 Mhz, Output Power 


Load VSWR = o:1, All Phase Angles) 


MOTOROLA RF DEVICE DATA 
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MOTOROLA 
a SEMICONDUCTOR 
TECHNICAL DATA 


The RF Line | 
UHF Power Transistor 


... designed primarily for wideband, large-signal output and driver amplifier stages in : 8.5 dB 
the 225 to 400 MHz frequency range. a 7 225-400 MHz. 
® Designed for Class AB Linear Power Amplifiers 7OWATTS 
® Specified 28 Volt, 400 MHz Characteristics: BROADBAND . 
Output Power — 70 Watts | UHF POWER 
Power Gain — 8.5 dB Min, Class AB TRANSISTOR 
@ Built-In Matching Network for Broadband Operation Using Double Matching 
Technique | 
® Gold Metallization for Improved Reliability 
© Diffused Ballast Resistors 


|MRA0204-70 


- ,500 J ZERO 
CASE 316A-01, STYLE 1 


MAXIMUM RATINGS 


[Cotestor Curent Continues ——S~=~“‘“*S*S*S*C*“‘*‘“~*“‘“‘“‘~srSSiSC‘dYC 
20 


THERMAL CHARACTERISTICS 


ELECTRICAL CHARACTERISTICS 


a 
OFF CHARACTERISTICS 
weno |» [ - [| =] va 


Collector-Emitter Breakdown Voltage (Ic = 35 mA, IB = 0) 30 
[Merces | 60 | 


Collector-Emitter Breakdown Voltage (Ic = 35 mA, Vee = 0). 


Collector-Base Breakdown Voltage (Ic = 36 mA, IE = 0) ce cee 
'| Emitter-Base Breakdown Voltage (ie =5mA,I¢=0) 
Collector Cutoff Current (Vcp = 30VilE=0) 
ONCHARACTERISTICS 
DC Current Gain'Ic = 1A, Vee = SV 


/ MOTOROLA RF DEVICE DATA - 


2286 


MRA0204-70 


ELECTRICAL CHARACTERISTICS — continued 


[Characters ———SSSSSSSS*dC Sb in [Tw | Mon Unt 


FUNCTIONAL TESTS 


Common-Emitter Amplifier Power Gain 
(VcE = 28 V, Pout = 70 W, f = 400 MHz, icq = 120 mA) 


Load Mismatch , | No Degradation in 
(VcE.= 28 V, Pout = 70 W, f = 400 MHz, Output Power 


Load VSWR =. 5:1, All Phase Angles) 


TYPICAL CHARACTERISTICS 


Zin, SERIES INPUT IMPEDANCE (OHMS) 
Zi oad: SERIES LOAD IMPEDANCE (OHMS) 


f, FREQUENCY (MH) | f, FREQUENCY (MHz) 


Figure 1. input Impedance versus Frequency ; Figure 2. Load Impedance versus Frequency 


MOTOROLA RF DEVICE DATA 
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MOTOROLA _ = 


2 SEMICONDUCTOR xy 
TECHNICAL DATA | 


|MRAO500-19L | 
The RF Line bo! | | ere 
UHF Power Transistor 
... designed primarily.for wideband, large-signal output and driver amplifier stages to is?  O * 8 dB | 


500 MHz. : a TO 500 MHz 
7 19 WATTS 


® Designed for Class A Linear Power Amplifiers 
@ Specified 19 Volt, 500 MHz Characteristics: BROADBAND 
Output Power — 19 Watts, 1 dB Compression - > 3 UHF POWER 
Power Gain — 8 dB Min, Small-Signal | TRANSISTOR 
@ Built-In Matching Network for Broadband Operation | 
®@ Gold Metallization for Improved Reliability 
e@ Diffused Ballast Resistors 
.380 SOE 
CASE 145D-01, STYLE 1 


MAXIMUM RATINGS 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


200 
—65 to + 150 °C 


ELECTRICAL CHARACTERISTICS 


[SSC ——SSSSS~S~*~dC« |e || 


OFF CHARACTERISTICS 


ON CHARACTERISTICS 


DYNAMIC CHARACTERISTICS 


(continued) 


MOTOROLA RF DEVICE DATA 
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MRAO0500-19L 


ELECTRICAL CHARACTERISTICS — continued 
Le PRC. - Characteristic 


FUNCTIONAL TESTS 
Common-Emitter Amplifier Small-Signal Gain 
(VCE = 19 V, Pin = 1 mW, f = 500 MHz) 


Load Mismatch ion i 
_ _ No Degradation in 
(VcE = 19V, Ic = 3.5A, Pout = 19 W, f = 500 MHz, Output Power 


Load VSWR = ©:1, All Phase Angles) 


Overdrive (Vcge = 19 V, Ic = 3.5 A, f = 500 MHz) 
(No degradation) 


Output Power, 1 dB Compression Point 
(Vce = 19 V, f = 500 MHz, Ic = 3.5 A) 


MOTOROLA RF DEVICE DATA 
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MOTOROLA | | 
2 SEMICONDUCQ, yy 
TECHNICAL DATA | | on | 


The RF Line | : 
UHF Power Transistor 


... designed primarily for wideband, large-signal output and driver amplifier stages in | | 7dB 


|MRA0510-50H 


the 500 to 1000 MHz frequency range. Ba Uke 500-1000 MHz.” . 

@ Designed for Class AB Linear Power Amplifiers 7S _5OWATTS __. 

@ Specified 28 Volt, 1000 MHz Characteristics: — . . BROADBAND | 
Output Power — 50 Watts 3 A Oele yi S UHF POWER 


Power Gain — 7 dB Min, Class AB 
@ Built-in Matching Network for Broadband Operation 
@ Gold Metallization for Improved Reliability 
© Diffused Ballast Resistors 
@ Hermetic Package for Military/Space Applications 


TRANSISTOR _ 


HLP-42 
CASE 391-01, STYLE 1 


MAXIMUM RATINGS . 


Value 


125 Watts 
0.715 WC 
Ls 
—65 to +200 


Emitter-Base Voltage 


Total Device Dissipation @ Tc = 25°C . 
Derate above 25°C - . 


Operating Junction Temperature 


| Storage Temperature Range 


THERMAL CHARACTERISTICS 


Characteristic 


Thermal Resistance, Junction to Case (Tc = 70°C) 


ELECTRICAL CHARACTERISTICS 


OFF CHARACTERISTICS (Note 1) 


Collector-Emitter Breakdown Voltage (ic = 25 mA, VggE = 0) V(BR)CES | 60 fl 
Collector-Base Breakdown Voltage (ic = 25 mA, Ig = 0) V(BR)CBO | 60 fl CU 
Emitter-Base Breakdown Voltage (IE = 5 mA, Ic = 0) V(BR)EBO Fo 4 | Vde 


Collector-Emitter Breakdown Voltage (Ic = 25 mA, Ree = 1 2) V(BR)CER 
Collector Cutoff Current (Vcgp = 30 V, IE = 0) ICBO 


ON CHARACTERISTICS (Note 1) 


a er ee ee ee 


DYNAMIC CHARACTERISTICS (Note 1) 


Note 1. Each transistor chip measured separately. (continued) 


MOTOROLA RF DEVICE DATA 
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MRA0510-50H 


ELECTRICAL CHARACTERISTICS — continued 


harass ——=—SSCS~S*~*~*~*S*~rC tT] | 


FUNCTIONAL TESTS (Note 2) 


Common-Emitter Amplifier Power Gain 
(VcE = 28 V, Pout = 50 W, f = 1 GHz, IcQ = 2 x 120 mA) 


Load Mismatch 
(VcE = 28V,IcqQ = 2x 120 mA, Pout = 50 W, f = 1 GHz, 
Load VSWR = 5:1, All Phase Angles) 


Note 2. Both transistor chips operating in push-pull amplifier. 


No Degradation in 
Output Power 


TYPICAL CHARACTERISTICS 


Vcc = 28V 
Po = 50W 
ONE SIDE ONLY 


Zin, SERIES INPUT IMPEDANCE (OHMS) 
Zi oad: SERIES LOAD IMPEDANCE (OHMS) 


500 600 «= 700 800 900 1000 
f, FREQUENCY (MHz) 


Figure 7. Input Impedance versus Frequency 


f, FREQUENCY (MHz) . 


Figure 2. Load Impedance versus Frequency 


MOTOROLA RF DEVICE DATA 
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MOTOROLA 


m= SEMICONDUCTOR 
TECHNICAL DATA 


MRA0610 


The RF Line — -_ | Series | 
UHF Power Transistors 
. designed primarily for wideband, large-signal output and driver amplifier stages in 7 to 7.8-dB 
the 600 to 1000 MHz frequency range. — 600-1000 MHz 
® Designed for Class C, Common Base Power Amplifiers | 3 TO 40 WATTS 
© Specified 28 Volt, 1000 MHz Characteristics: . . BROADBAND 
Output Power — 3 to 40 Watts . UHF POWER 
Power Gain — 7 to 7.8 dB Min, Common Base TRANSISTORS 


Collector Efficiency — 50 to 55% 
@ Built-In Matching Network for Broadband Operation . 
@ Gold Metallization for Improved Reliability 
© Diffused Ballast Resistors 


MAXIMUM RATINGS 


Coilector-Base Voltage 


Emitter-Base Voltage 


Collector Current — Continuous 


Operating Junction Temperature | 


Storage Temperature Range 
THERMAL CHARACTERISTICS 


Characteristic 


Thermal Resistance, Junction to Case 


ELECTRICAL CHARACTERISTICS. 


| | Characteristic 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 

(I¢ = 20 mA, VBE 
(Ic = 60 mA, VBE 
(Ic = 100 mA, Vege = 0) 
(I¢ = 200 mA, VBE = 0) 


Emitter-Base Breakdown Voltage 


a 
= 


V(BR)EBO Vde 


(IE = 0.25 mA, Ic = 0) _ _MRA0610-3 
(IE = 0.75 mA, Ic = 0) | — -9 
(IE = 1.25 mA, Ic = 0) -18A 
(IE = 2.5 mA, Ic = 0) -40A 


Collector Cutoff Current MRA0610-3 
(VcB = 28 V, Ie = 0) -9 
-18A 
-40A 


(continued) 


MOTOROLA RF DEVICE DATA 
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MRA0610 Series 
ELECTRICAL CHARACTERISTICS — continued 


ON CHARACTERISTICS 


DC Current Gain 
(Ic = 0.1A, Vce = 5 V) 


(Ic = 0.3 A, VcE = 5 V) 

(Ic = 0.5 A, Vce = 5 V) 

(ic = 1A, VcE = 5 V) 

DYNAMIC CHARACTERISTICS | 
Output Capacitance MRA0610-3 

(Veg = 28 V, le = 0, f = 1 MHz) -9 
-18A 
-40A 


FUNCTIONAL TESTS 


Common-Base Amplifier Power Gain 
(VcE = 28 V, Pout = 3 W, f = 1 GHz) MRAL0610-3 
(VCE 28 V, Pout = 9 W, f= 1 GHz) -9 
(VcE = 28 V, Pout = 18 W, f = 1 GHz) -18A 
(VcE = 28 V, Pout f = 1 GHz) -40A 


Collector Efficiency 

28 V, Pout 
28 V, Pout 
28 V, Pout 
28 V, Pout 


How Wd 


MRA0610-3 
-9 
-18A 
-40A 


(VCE 
(VCE 
(VCE 
(VCE 


toi ot lt 


TYPICAL CHARACTERISTICS 
MRA0610-3 — 3 WATTS BROADBAND 


Figure 2. Series Equivalent Input/Output Impedance 
Vcc = 28 V 


Pout: POWER OUTPUT (WATTS) 


2 
> 
Oo 
= 
uu 
© 
me 
vm 
oie 
(=) 
S 


600 700 800 900 1000 
f, FREQUENCY (MHz) 


Figure 1. Power Output versus Frequency 


600 700 800 900 1000 
f, FREQUENCY (MHz) 


Figure 3. Efficiency versus Frequency 


MOTOROLA RF DEVICE DATA 
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MRAO610 Series 
TYPICAL CHARACTERISTICS 


MRA0610-9 — 9 WATTS BROADBAND 


te 
WE 


a We 
7 ae 
ae aes eee 
) i ee ee 
a, nea Sa 
_ 3 p= 
SD ahi aa 
= 
3 ea 
cae i 
1 ‘4 
, ee i, eee 
ee ee ie eee 
0.6 
ee Te ee Figure 5. Series Equivalent Input/Output Impedance 


600 700 800 900 1000 Vcc = 28 V 
f, FREQUENCY (MHz) 


Figure 4. Power Output versus Frequency 


Nic. EFFICIENCY (%) 


f, FREQUENCY (MHz) 


Figure 6. Efficiency versus Frequency 


‘MOTOROLA RF DEVICE DATA 
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MRAO610 Series 
TYPICAL CHARACTERISTICS 
MRA0610-18A — 18 WATTS BROADBAND 


aul 
i 


es 

a 

KX 
wesaill 
care 


As 
Xi 
“! 
\ 
“bs 
Mak 


Pout, POWER OUTPUT (WATTS) 


ane 
a 
We, 
e 
Oe 


ine 
Me 


Figure 8. Series Equivalent Input/Output Impedance 
Vcc = 28 V 


f, FREQUENCY (MHz) 
Figure 7. Power Output versus Frequency 


Nc, EFFICIENCY (%) 


600 700 00 900 1000 
f, FREQUENCY (MHz) 


Figure 9. Efficiency versus Frequency 


MOTOROLA RF DEVICE DATA 
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MRA0610 Series 
TYPICAL CHARACTERISTICS 


MRA0610-40A — 40 WATTS BROADBAND 


ae, 
ar, 


Pout: POWER OUTPUT (WATTS) 
= 


fi 


a 


Figure 11. Series Equivalent Input/Output Impedance 
Vcc = 28 V 


f, FREQUENCY (MHz) 


Figure 10. Power Output versus Frequency 


Nic, EFFICIENCY (%) 


MTTF FACTOR (106 HRS. x AMP2) 


600. 700 800 900 1000 
f, FREQUENCY (MHz) 
Figure 12. Efficiency versus Frequency . 
(\ 


70 90 110 130 150 170 190 210 
Ty, JUNCTION TEMPERATURE (°C) 


Figure 13. MTTF Factor versus Junction Temperature 


Note: Divide by Ic2 to obtain metal lifetime in hours 


MOTOROLA RF DEVICE DATA 
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MRAO610 Series: 


MRA0610-3 


input 


MRA0610-9 


220pF 
Chip 
Output 


MRAO610-18A : 
(2)B+ = 28Vdc 


Input 


MRA0610-40A 
. (2) B+ = 28Vdc 


Input 


* 
“Foil wrap or plate around to ground plane. Board material 0.020 inch glass-teflon er = 2.55. 


(1) Bypass capacitor to ground for shunt inductor (220pF chip). 
(2) Use B+ bypass of 0.01 and 1 yF capacitors at this point. 


Figure 14. Test Circuit Boards for MRA0610 Series 


(Not to Scale) 


MOTOROLA RF DEVICE DATA | 
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MOTOROLA 
a SEMICON DUCTOR ey 
TECHNICAL DATA 


| MRAOG10H 


‘The RE Line Eas @-:a eg es Series 
UHF Power Transistors 
. designed snare for wideband, large-signal output and driver amplifier stages i ine a es 2s 78 dB 
the 600 to 1000 MHz frequency range. . ; oe | 600-1000 MHz. . 
‘@ Designed for Class C, Common Base Power Amplifiers , | 3 TO 18 WATTS 
@ Specified 28 Volt, 1000 MHz Characteristics: 7 , wk ~ BROADBAND 
_ Output Power — 3 to 18 Watts . ; ee _ UHF POWER © 
Power Gain — 7.8 dB Min, Common Base: 7 soe | TRANSISTORS 


~ Collector Efficiency — 50 to 55% 
® Built-In Matching Network for Broadband Operation 
® Gold Metallization for Improved Reliability . 
e@ Diffused Ballast Resistors © 
@ Hermetic Package for Military/Space Applications 


HLP-11 
CASE 393-01, STYLE 1 


| Symbol | 3H | 9H] 18H 
Collector-Base Voltage ~VCES 


MAXIMUM RATINGS 


Storage Temperature Range ~65 to +200 


THERMAL CHARACTERISTICS 


ELECTRICAL CHARACTERISTICS 


Characteristic | : : } | Unit | 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(Ic = 20 mA, VBE MRAO610- 3H 
(Ic = 60 mA, VBE ’ 
(Ic = 100 mA, VBE = 0) 


Emitter-Base Breakdown Voltage 
(IE = 0.25 mA, Ic = 0) 
(iE = 0.75 mA, Ic = 0) 
(IE = 1.25 mA, Ic = 0) 


Collector Cutoff Current MRA0610- 3H 
(VcB = 28 V, Ie = 0) | 7 SHO 


ON CHARACTERISTICS 


DC Current Gain — ey: 
(I¢ = 100 mA, VcE MRA0610- 3H 
(I¢ = 300 mA, VCE = 
(l¢ = 500 mA, VcE 


(continued) 


MOTOROLA RF DEVICE DATA 
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MRA0610H Series. 


ELECTRICAL CHARACTERISTICS — continued _ Noe 
Ss he ee 


DYNAMIC CHARACTERISTICS 


Output Capacitance 


MRA0610- 3H 


(Veg = 28V, Ip = 0, f = 1 MHz) - 9H 


FUNCTIONAL TESTS 


Common-Base Amplifier Power Gain 
(VcE = 28 V, Pout 
(VCE 


(VCE 


(VCE 
(VCE 
(VCE 


28 V, Pout 


: 28 V, Pout 


Collector Efficiency 


28 V, Pout 
28 V, Pout 
28 V, Pout 


3 W, f = 1 GHz) MRAQ610- 3H. 
9 W, f = 1 GHz) 
18 W, f = 1 GHz) 


3 W, f = 1 GHz) 
9 W, f 1 GHz) 
18 W, f = 1 GHz) 


TYPICAL CHARACTERISTICS 


Note: Divide by Ic2 to obtain metal lifetime in hours. 


MTTF FACTOR (108 HRS. x AMP2) 


70 90 110 130 =: 180 170 190 210 
Ty, JUNCTION TEMPERATURE (°C) 


Figure 1. MTTF Factor versus Junction Temperature 


MOTOROLA RF DEVICE DATA 
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MOTOROLA 
=z SEMICONDUCTOR xx 
TECHNICAL DATA 


MRA1000-3.5L| 
The RF Line — | ae ee a 
UHF Power Transistor 


... designed primarily for wideband, large-signal output and driver amplifier stages to _ 10 dB oe 

1000 MHz. . aa ~ TO 1000 MHz 
ee ee ; ne eee eee ee A tee _ 3.5 WATTS: - 

® Designed for Class A Linear Power Amplifiers . BROADBAND 


® Specified 19 Volt, 1000 MHz Characteristics: 
Output Power — 3.5 Watts Tah = 
Power Gain — 10 dB, Small-Signal | 
® Built-In Matching Network for Broadband Operation 
@ Gold Metallization for Improved Reliability 
@ Diffused Ballast Resistors 


UHF POWER 
TRANSISTOR 


.380 SOE 
CASE 145D-01, STYLE 1 


- MAXIMUM RATINGS = : . | 
22 
200 °C 
a 


[Vatwe [te 


Total Device Dissipation @ Tc = 25°C a a [oe eee eet 
Derate above 25°C _~ ; 0.125 WC 
oe Sn 7 ST TO 
THERMAL CHARACTERISTICS ; | . 
eg er a 
[Thera Resins, Junoon we Ge tg= 70) The | 8 


ELECTRICAL CHARACTERISTICS | 


OFF CHARACTERISTICS a A ; | 
j V(BR)CEO 
Collector-Emitter Breakdown Voltage (Ic = 10 mA, Vege = 0) V(BR)CES | 60 | Vdc: 


Collector-Emitter Breakdown Voltage (Ic = 10 mA, Ip = 0) 
Collector-Base Breakdown Voltage (Ic = 10 mA, IE = 0). V(BR)CBO 


Emitter-Base Breakdown Voltage (IE = 5 mA, Ic = 0) | V(BR)EBO 
Collector Cutoff Current (Vcg = 30.V, Ie = 0) ICBO 


ON CHARACTERISTICS 
DYNAMIC CHARACTERISTICS 


Output Capacitance (Vcg = 24V, Ie = 0,f = 1 MHz) ee ee ee ee ee 
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MRA1000-3.5L 


ELECTRICAL CHARACTERISTICS — continued | 


FUNCTIONAL TESTS 


Common-Emitter Amplifier Small-Signal Gain 
(VcE = 19 V, Pin = 1 mW, f = 1 GHz, Ic = 600 mA) 


Load Mismatch Sah 

; N d 

(Vee = 19 V, Ic = 600 mA, Pout = 35 W, f = 1 GHz, | Pec aa 
Load VSWR = o:1, All Phase Angles) 


Overdrive (Vce = 19 V, Ic = 600 mA, f = 1 GHz) 
(No degradation) 


-30.81< 
-30.44< 
-30.33< 
-29.89< 
-30.27< 
~31.86< 


Zn (Ohms) 


Pout, OUTPUT POWER (WATTS) 


P..,, INPUT POWER (mW)} 


Figure 4. Power Input versus Power Output 


Figure 3. Series Equivalent Input/Output Impedance 
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MRA1000-3.5L 


L1 — 7T, 20 Gauge on 200 Mil Ferrite Toroid Z1 — 50 ©, microstripline, € = 0.110A 7 =e i= Ri ; ; 
L2 — 8T, 20 Gauge, 100 Mil Dia. Z2 — 10 ©, microstripline, £ = 0.1624 Figure 6. Bias Circuit 
L3 — 11T, 20 Gauge, 100 Mil Dia. Z3, Z4 — 50 ©, microstripline, € = 0.052A : 

L4 — 8T, 20 Gauge, on 275 Mil Ferrite Toroid Z5 — 24 QO, microstripline, € = 0.080A 

C1, C3, C5, C6, C7 — 500 pF ATC Z6 — 50 ©, microstripline, € = 0.125A 


C2, C4 — 0.8-10 pF JFD 
C9 — 0.1 pF, 50 V, Ceramic 
R1, R2 — 15 Q, 1/4 Watt 


- Figure 5. 1 GHz Test Circuit 


Test Circuit Mask 


‘MRA1000-3.51 


- (Not to Scale) - a eee 
Board Material = 1/32 Teflon-Fiberglass 


Figure 7. Test Circuit Mask 
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=a SEMICONDUCTOR 2x 


MOTOROLA | 
TECHNICAL DATA | 


MRA1000-7L 


The RF Line _ 
UHF Power Transistor 


... designed primarily for wideband, large-signal output and driver amplifier stages to 9 dB 

1000 MHz. TO 1000 MHz 

@ Designed for Class A Linear Power Amplifiers 7 WATTS 

© Specified 19 Volt, 1000 MHz Characteristics: . 1 - BROADBAND 
Output Power — 7 Watts | UHF POWER 
Power Gain — 9 dB Min, Small-Signal a 7 | i TRANSISTOR 


® Built-In Matching Network for Broadband Operation — 
@ Gold Metallization for Improved Reliability 
© Diffused Ballast Resistors 


a 


.380 SOE 
CASE 145D-01, STYLE 1 


MAXIMUM RATINGS | 
ae : Rating — 


Collector-Emitter Voltage . 
Collector-Base Voltage 
Emitter-Base Voltage © 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


Operating Junction Temperature | 
Storage Temperature Range > 
THERMAL CHARACTERISTICS 
oe Characteristic 
Thermal Resistance, Junction to Case (Tc = 70°C)” 
ELECTRICAL CHARACTERISTICS - 


Characteristic 


OFF CHARACTERISTICS | | - 7 
Collector-Emitter Breakdown. Voltage (Ic 7 20 mA, Ip = 0) | 


| V(BR)CEO 


Collector-Emitter Breakdown Voltage (Ic = 20. mA, VBE So) o> 


aes ee ee 
; Werjces | bo | vide 
| Mprjeno | 80 | | | Ve 

| Mereeo | 35 | =) | = | vdeo 


Collector-Base Breakdown Voltage (Ic = 20 mA,Ip = 0) 
Emitter-Base Breakdown Voltage (IE = 5 mA, Ic = 0) _ 
Collector Cutoff Current (Vcp ='19'V, Ie = 0) 
ON CHARACTERISTICS = = | 

DC Current Gain (ic = 1A, VcgE = 5 V) | 
DYNAMIC CHARACTERISTICS | 


Output Capacitance (Vcg = 24 V, Ie = 0, f = 1.MHz) | 


(continued) - 


a a a 
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MRA1000-7L 


ELECTRICAL CHARACTERISTICS — continued | | | a | page 
[hacen Sd Smo [nye | Max | on 
FUNCTIONAL TESTS | | 


Common-Emitter Amplifier Small-Signal Gain 
' (VcE = 19 V, f. = 1 GHz, Ic = 1.2 A) 


Load Mismatch . re. 
(VcE = 19 V, Ic = 1.2A, Pout = 7 W, f = 1 GHz, fe Je No Degradation in 


Load VSWR = o:1, All Phase Angles) | | . ©, 2Output-Power ” 


Overdrive (VceE = 19 V, Ic = 1.2 A, f = 1 GHz) 
~ (No degradation) . 


Output Power, 1 dB Compression Point 
(VCE = 19 V, f = 1 GHz, Ic = 1.2 A) 


Zw (Ohms) 


| 
Aa, . 


E base 

= 9 
Sel > 
= i Se OS 
& Zin~ OG oa 

a “+n 900, : ae © VAY Z 
: Bier howl TIRE) 
2 “500 f = 500 MHz, mas ely a 


aa 
‘t 
A 
:< 


04 06 O08: 1 12. «14 


Pin INPUT POWER (WATTS) 


aces 
OO 
iS 
ae 
és 
ae 


Figure 3. Power Output versus Power Input 


&, 
fy 
ff 
XS 


: -1.0 
Zo = 50 OHMS 


Figure 4. Series Equivalent Input/Output Impedance 
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MRA1000-7L 


L1— 7T, 20 Gauge on 200 Mil Ferrite Torroid 
L2 — 7T, 20 Gauge, 100 Mil Dia. 

3 — 5T, 20 Gauge, 100 Mil Dia. 

L4— 8T, 20 Gauge, on 200 Mil Ferrite Torroid 
R1, R2 — 15 Ohm, 1/4 Watt 

C1, C2 — 500 pF ATC 

C3 — 25 uF, Electrolytic 

C4 — 3.3 pF ATC 

C5 — 5.6 pF ATC 

C6 — 1.6 pF ATC 

C7 — 1.2 pF ATC 


4.7 kO 


Board Material = 


C8 — 33 pF ATC 


L3 | L4 


tok 
| (es. | Jens les | Ic7 


Je MILS =+<-MILS—>4"MILS >} 


652 


Vcc 
C3 


C14. 


RF 
OUT 


C9, C13 — 0.3-1.3 pF Johanson 


C10 — 6.2 pF ATC 


C11 — 1-16 pF Johanson 


C12 — 3 pF ATC 


C14 — 33 pF ATC 
C15 — 18 pF ATC 


T1, T2 — 50 Ohm, @ = 2000 Mils 


Z1 — 12.5 Ohm, & 
Z2 — 12.5 Ohm, ¢ 


Figure 5. 1 GHz Test Circuit 


® VSUPPLY 


3x10 
Ss -5W 


Vcc 


VBIAS 


1/32”, Glass Teflon, K = 2.55 


‘Figure 7. Test Circuit Mask 
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914 Mils, 32 Mil, Teflon (er = 2.55) 


= 2392 Mils, 32 Mil, Teflon (e- = 2.55) 


(Not to Scale) 


MOTOROLA | | | 
= SEMICONDUC?QR xy 


TECHNICAL DATA | | = 


ae MRA1000-14L | 
The RF Line 
UHF Power Transistor 


... designed primarily for wideband, large-signal output and driver amplifier stages to | 8 dB 
1000 MHz. TO 1000 MHz 
, 14 WATTS 
BROADBAND 
UHF POWER 
TRANSISTOR 


* 


.380 SOE 
CASE 145D-01, STYLE 1 


e Designed for Class A Linear Power Amplifiers 
@ Specified 19 Volt, 1000 MHz Characteristics: 
Output Power — 14 Watts 
Power Gain — 8 dB, Small-Signal 
® Built-In Matching Network for Broadband Operation 
@ Gold Metallization for Improved Reliability 
e@ Diffused Ballast Resistors 


MAXIMUM RATINGS 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


—65 to +150 °C 


ELECTRICAL CHARACTERISTICS 


OFF CHARACTERISTICS 


ON CHARACTERISTICS 


| DCCurentGainic=1AVee=S5v) Te ST OT 


DYNAMIC CHARACTERISTICS 
Output Capacitance (Vcgp = 24 V, Ip = 0, f = 1 MHz) 


(continued) 


a 
MOTOROLA RF DEVICE DATA | 
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MRA1000-14L 


ELECTRICAL CHARACTERISTICS — continued 


Pharacteatc —SS~*dCS mit |e Mae Uae 


FUNCTIONAL TESTS 


Common-Emitter Amplifier Small-Signal Gain 
(VcE = 19 V, Pin = 1 mW, f = 1 GHz, Ic = 2.4 A) 


Load Mismatch No Degradation in 


Load VSWR = o:1, All Phase Angles) 


Overdrive (Vcgé = 19 V, Ic = 2.4A, f = 1 GHz) 
(No degradation) 


Output Power, 1 dB Compression Point 
(VceE = 19 V, f = 1 GHz, Ic = 2.4A) 


TYPICAL CHARACTERISTICS 


Ziny SERIES INPUT IMPEDANCE (OHMS) 
ZLoad: SERIES LOAD IMPEDANCE (OHMS) 


0 
800 850 900 950 1000 
f, FREQUENCY (MHz) f, FREQUENCY (MHz) 
Figure 1. Input Impedance versus Frequency Figure 2. Load Impedance versus Frequency 
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MOTOROLA 


a SEMICONDUCTOR 
TECHNICAL DATA 


VMIRA1014 


The RF Line Series" 
Microwave Power Transistors 
.. designed primarily for wideband, large-signal output and driver amplifier stages in 7 to 8dB 

the 1 to 1.4 GHz frequency range. 1-1.4GHz. 

e Designed for Class C, Common Base Power Amplifiers 2 TO 35 WATTS — 

@ Specified 28 Volt, 1.4 GHz Characteristics: BROADBAND 
Output Power — 2 to 35 Watts MICROWAVE POWER 
Power Gain — 7 to 8.2 dB TRANSISTORS 


Collector Efficiency — 45 to 50% 
® Built-In Matching Network for Broadband Operation 
@ Gold Metallization for Improved Reliability 
e Diffused Ballast Resistors 


MAXIMUM RATINGS 


Collector-Base Voltage 


Emitter-Base Voltage 


Collector Current — Continuous 


Operating Junction Temperature 


' Storage Temperature Range 
THERMAL CHARACTERISTICS 


Thermal Resistance, Junction to Case | Rac | 15 | 8 | 45 | 25 | °C/W 


ELECTRICAL CHARACTERISTICS 


[SSS~C harmed ——=SSCS~S*~*~*~S*~”iC« rk | nT Me | 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage . V(BR)CES 
(ic = 20 mA, VBE MRA1014-2 
(Ic = 40 mA, VBE -6 
(Ic = 80 mA, VBE -12 
(I¢ = 200 mA, VBE = 0) . -35 


Emitter-Base Breakdown Voltage V(BR)EBO 
(IE = 0.25 mA, Ic = 0) MRA1014-2 


0.5 mA, Ic = 0) 6 
1 mA, Ic = 0) -12 
2.5 mA, Ic = 0). 


Collector Cutoff Current | MRA1014 
(Vcp = 28 V, Ie = 0) 


(continued) 
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MRA1014 Series 


ELECTRICAL CHARACTERISTICS — continued 


a 


ON CHARACTERISTICS 


DC Current Gain 
(I¢ = 0.1 A, VCE 5 V) MRA1014-2 


(ic = 0.2 A, VcE = 5 V) 6 

(Ic = 0.4A, Vce = 5 V) 

(lc = 1A, Vce = 5 V) 

DYNAMIC CHARACTERISTICS 
Output Capacitance | MRA1014-2 

(VcB = 28 V, le = 0, f = 1 MHz) -6 
-12 
-35 


FUNCTIONAL TESTS 


Common-Base Amplifier Power Gain 
(VcE = 28 V, Pout = 2 W, f = 1.4 GHz) MRA1014-2 
(VCE 28 V, Pout 6 W, f = 1.4 GHz) -6 
(VCE 12 W, f = 1.4 GHz) -12 
(VCE 35 W, f = 1.4 GHz) -35 


Collector Efficiency 
(VcE = 28 V, Pout 
(VcE = 28 V, Pout 
(VcE = 28 V, Pout 
(VCE 28 V, Pout 


(1) Nominal value, not measurable because of shunt inductor bypass. 


Hoi ul 


f : MRA1014-2 
6 W, f i -6 
12 W, f = 1.4 GHz) ~12 
35 W, f = 1.4 GHz) -35 


lot i tl 
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MRA1014 Series 


TYPICAL CHARACTERISTICS 


MRA1014-2 — 2 WATTS BROADBAND 


t-] 
oo 


e 
i 
TF 


SO 


Pout, POWER OUTPUT (WATTS) 


Re 
KS 


if 


Figure 2. Series Equivalent Input/Output Impedance 
Vcc = 28 V 


f, FREQUENCY (MHz) 


Figure 1. Power Output versus Frequency 


Noy EFFICIENCY (%) 


f, FREQUENCY (MHz) 
Figure 3. Efficiency versus Frequency 


- MOTOROLA RF DEVICE DATA 
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MRA1014 Series 


Pout, POWER OUTPUT (WATTS) 


Thc EFFICIENCY (%) 


TYPICAL CHARACTERISTICS 


MRA1014-6 — 6 WATTS BROADBAND 


f, FREQUENCY (MHz) 


Figure 6. Efficiency versus Frequency 


2-310 


l/ 


Ly / 


A/ 


ae 
LY 
b 


« 


> 
UX 
weg 
LBS 


Ui, 
se Cuee 
NG 


Figure 5. Series Equivalent Input/Output Impedance 
Vcc = 28V 


MOTOROLA RF DEVICE DATA 


MRA1014 Series 


TYPICAL CHARACTERISTICS 


MRA1014-12 — 12 WATTS BROADBAND 


Pout POWER OUTPUT (WATTS) 


Figure 8. Series Equivalent Input/Output Impedance 
Vcc = 28 V 


f, FREQUENCY (MHz) 


Figure 7. Power Output versus Frequency 


Tc, EFFICIENCY (%) 


f, FREQUENCY (MHz) 


Figure 9. Efficiency versus Frequency 


MOTOROLA RF DEVICE DATA 
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MRA1014 Series 


TYPICAL CHARACTERISTICS 


MRA1014-35 — 35 WATTS BROADBAND 


Pout POWER OUTPUT (WATTS) 


Figure 11. Series Equivalent Input/Output Impedance 
Vcc = 28 V 


- f, FREQUENCY (MHz) 


Figure 10. Power Output versus Frequency 


Tc» EFFICIENCY (%] 


f, FREQUENCY (MHz) 


Figure 12. Efficiency versus Frequency 


MOTOROLA RF DEVICE DATA 
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MRA1014 Series 


MTTF FACTOR (106 HRS. x AMP2) 


_ The graph shown. below displays MTTF in hours x ampere2 


emitter current for each of the devices. Life tests at elevated 
temperatures have correlated to better than + 10% to the theo- 
retical prediction for metal failure. Sample MTTF calculations 
based on operating conditions are included below. 


Ty, JUNCTION TEMPERATURE (°C) 


Example of MTTF for MRA1014-12 Conditions 


Po = 12W 
Vcc = 28V 
n = 50 
TFLANGE = 70°C haa 
Xo 
=\Ip = = 0.857 
Ic 7G XV 0.857 A 


Poiss = Pin + Vcc: Ic — Po = 13.99 W 
TJUNC = TFLANGE: + OJ xX Poiss = 132.9°C 
7x 106 Hrs. A 
= SP IOS. Amp" = 953,095 Hrs 

Ic 
MTTF = 108.8 Yrs 


Figure 13. MTTF Factor 
(Normalized to 1 Ampere2 Continuous Duty) 


2-313 


MOTOROLA RF DEVICE DATA 


TEST CIRCUIT BOARDS FOR MRA1014 SERIES 
: NOTE: Scale is not 1:1. 


4 ON 


MRA1014-2 


sd | 


MRA1014-6 


A “ 


MRA1014-12 


MRA1014-35 


Two 150pF 
Ceramic Chips 


/-}——— 1" + , 


“Foil wrap of plate around to ground plane. Board material 0.020 inch glass-tefion €: = 2.55. 
(1) Bypass capacitor to ground (150pF chip). ps 

(2) Use B+ bypass of 0.01 and 1yF capacitors at this point. 

(3) 10 turns #20 enamel close wound on 0.040 mandril. 


Figure 14. Test Circuit Boards (Not to Scale) 


MOTOROLA 


= SEMICONDUCTOR mmm 
TECHNICAL DATA 


MRA1014H 
Series 


TheRFline 
Microwave Power Transistors 


... designed primarily for wideband, large-signal output and driver amplifier stages in 7.4 to 8 dB 
the 1 to 1.4 GHz frequency range. | 1-1.4 GHz | 
® Designed for Class C, Common Base Power Amplifiers 2 TO 12 WATTS 


® Specified 28 Volt, 400 MHz Characteristics: _ BROADBAND 
Output Power — 2 to 12 Watts MICROWAVE POWER 


Power Gain — 7.4 to 8 dB ; . | TRANSISTORS 
Collector Efficiency — 35 to 50% | 7 
® Built-In Matching Network for Broadband Operation 
@ Gold Metallization for Improved Reliability 
@ Diffused Ballast Resistors = 
@ Hermetic Package for Military/Space Applications 


HLP-11 
CASE 393-01, STYLE 1 


| aH | eH] tat | unit 
0.5 1 2 
7 +. 200 °C 
°C 


MAXIMUM RATINGS — 


os [+ [2 | ne 
es 
[tome «dC 


THERMAL CHARACTERISTICS 


" Characteristic 


ELECTRICAL CHARACTERISTICS — 


OFF CHARACTERISTICS _—_y : eS, 


Collector-Emitter Breakdown Voltage : 
(I¢ = 20 mA, VBE = 0) at ~  MRA1014- 2H 
(I¢ = 40 mA, Vee = 0) 
(ic = 80 mA, VBE = 0) 


Emitter-Base Breakdown Voltage V(BR)EBO 
0.5 mA, Ic = 0) MRA1014- 2H 
1 mA, Ic = 0) - 6H 
2mA, Ic = 0) -12H 


Collector Cutoff Current MRA1014- 2H 
(VcB = 28 V, IE = 0) - 6H 
-12H 


ON CHARACTERISTICS 


DC Current Gain 
(i¢ = 100 mA, VcE MRA1014- 2H 
(I¢ = 200 mA, VcE - 6H 
(Ic = 400 mA, VcE -12H 


(continued) 
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MRA1014H Series 


ELECTRICAL CHARACTERISTICS — continued 
| Characteristic 
DYNAMIC CHARACTERISTICS 


- Output Capacitance i 
(Vcp = 28 V, Ie =.0, f = 1 MHz) 


FUNCTIONAL TESTS 


Common-Base Amplifier Power Gain 
(VCE = 28 V, Pout = 2 W, f = 1.4 GHz) MRA1014- 2H 


- (VCE = 28 V; Pout = 6 W, f = 1.4 GHz) - 6H 
(VCE = 28 V, Poyt =-12 W, f = 1.4 GHz) 


Collector Efficiency 
(VCE = 28 V, Pout = 2 W, f = 1.4 GHz) MRA1014- 2H 
(VcE = 28 V, Pout = 6 W, f = 1.4 GHz) 

(VCE = 28 V, Pout = 12 W, f = 1.4 GHz) 


~ MOTOROLA RF DEVICE DATA 
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MOTOROLA 
3 SEMICONDUCTOR seamen 
TECHNICAL DATA 


The RF Line’ 


|MRA1214-55H| 
Microwave Pulse Power Transistor = 222 


... designed primarily for wideband, large-signal output and.driver amplifier stages in . 6.5 dB 

the 1.2 to 1.4 GHz frequency range. . | | | | «1.2.1.4 GHz 

@ Designed for Class C, Common-Base Pulse Power Amplifiers . 50 WATTS 

© Specified 28 Volt, 1.4 GHz Characteristics: a ~ MICROWAVE 
Output Power — 50 W CW, Min : PULSE POWER 


; 100 W Pulse, Typ _ wae ' “TRANSISTOR . 
Power Gain — 6.5 dB Min, CW ; de 
Collector Efficiency — 45% Min, CW : 

Built-In Matching Networks — Input and Output — for Broadband Operation 

Gold Metallization for Improved Reliability - 

Diffused Ballast Resistors pa 

Hermetic Package for Military/Space Applications 


HLP-15M 
CASE 402-01, STYLE 1 


MAXIMUM RATINGS 


Collector Current — Continuous , Adc | 


00 
Tstg ~65 to +200 *C 


THERMAL CHARACTERISTICS 
Characteristic 


Thermal Resistance, Junction to Case 


ELECTRICAL CHARACTERISTICS 


OFF CHARACTERISTICS 
= 
Collector Cutoff Current (Vcg = 28 V, IE = 0) 


FUNCTIONAL TESTS 


Common-Base Amplifier Power Gain 
(VcE = 28 V, Poyt = 50 W CW, f = 1.4 GHz) 
Collector Efficiency (VcE = 28-V, Pout = 50 W CW, f = 1.4 GHz) . | 45 


Load Mismatch 
(VCE = 28 V, Pout = 50 W, f = 1.4 GHz, 
Load VSWR = 3:1, All Phase Angles) 


No Degradation in 
Output Power 


MOTOROLA RF DEVICE DATA — 
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_~MRA1214-55H 


RETURN LOSS (dB) 


Nc, EFFICIENCY (%) 


TYPICAL CHARACTERISTICS - 


1300 
f, FREQUENCY (MHz} 


1200 1250 


Figure 1. Loss versus Frequency 
. 50 ps, 10% 
ic —_| 


7 


1200 1250 1300 1350 1400 
f, FREQUENCY (MHz) 


Figure 3. Efficiency versus Frequency 


Pout POWER OUTPUT (W) 


POWER OUTPUT (W) 


0 
1200 1250 


0 
1200 1250 


50 pus, 10% 
Vcc = 32V 


Ze 
J 

ll 
co 
= 


nal 


1300 
f, FREQUENCY (MHz) 


1350 1400 


Figure 2. Power versus Frequency — Short Pulse 


| 1300 
f, FREQUENCY (MHz) 


1350 1400 


Figure 4. Power versus Frequency — Long Pulse 
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-MRA1214-55H 


- 100,000 80 
70 
a 
= 60 | 
<< 
~~ 10,000 : 
7) ma 
[aad : = 4 
ae << 
‘2 = 50 
5 3 
Q oc 40 
' 5 
jams 
= 1,000 a 
2 30 
20 
100 10 | 
110 120 130 140 150 160 170 180 190 200 
Ty, JUNCTION TEMPERATURE (°C) i 
Note: Divide MTTF factor by Ic¢2 1200 1250 1300 1350 1400 
to obtain metal lifetime in hours. f, FREQUENCY (MHz] 
Example Calculation Figure 6. Power versus Frequency — CW 
For Pg = 50 W, nc = 45% 
Tr = 50°C 


Pp = Vcc Ic — Po + Pin 

= (28)(3.97) — 50 W + 11.2 = 72.3 W 
Ty = @jc Pp + Tr = 161°C 
MTTF =~ 254,000 Hours 


Figure 5. MTTF versus Junction Temperature 


Saf f = 1.4 GHz 
NOUS GHz 


MRA1214-55H y 
[/ Note: Consult factory for artwork transparency 
PART DETAILS 


PAS NO. PURPOSE VALUE DESCRIPTION 


* Foil wrapped around or through to ground. 1-2 mil. Brass 
(1) DC blocking capacitor 100 pF Ceramic Chip (ATC) 
(2) Vcc bypass capacitor to ground. 0.1 uF Ceramic Chip 
(3) Position to obtain maximum output power. 120 pF Ceramic Chip 
(4) DC filter capacitor to ground. 50 uF (50 V) Tantatum, Electrolytic 
d (5) Wire inductor with Ferrite Beads. #28 AWG Wire 
Figure 7. Series Equivalent Input/Output Impedance — (6) __-RF input connector. 50 ohms “N" Type 
(7) RF output connector. 50 ohms “N” Type 


BOARD MATERIAL: Double-sided, 20 mil. Glass/Teflon (e, = 2.55) 2 oz. Copper 
SUBSTRATE MOUNTING: Solder to brass or copper heat sink (2” x 4.1” x 0.5"). 


Figure 8. Printed Circuit Board Layout (Not to Scale) 


MOTOROLA RF DEVICE DATA 
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MOTOROLA 


m= SEMICONDUCTOR 
TECHNICAL DATA 


MRA1417 
The RF Line | Series 
Microwave Power Transistors 


afi designed primarily for wideband, large-signal output and driver amplifier stages in 7 to 8 dB 

the 1.4 to 1.7 GHz frequency range. ; Leal sacle 

@ Designed for Class C, Common Base Power Amplifiers BROADBAND 

@ Specified 28 Volt, 1.7 GHz Characteristics: MICROWAVE POWER 
Output Power — 2 to 25 Watts TRANSISTORS 


Power Gain — 7 to 8 dB Min 

Collector Efficiency — 40 to 45% Min 
® Built-In Matching Network for Broadband Operation 
@ Gold Metallization for Improved Reliability 
® Diffused Ballast Resistors 


MAXIMUM RATINGS 


Ty 


[Thermal Resiownce,suneionto cae ——SSCS=~=~*~‘“*~*~Ci «SYS a | 


ELECTRICAL CHARACTERISTICS 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage V(BR)CES 
(l¢ = 20 mA, Veg = 0) MRA1417-2 
(Ic = 40 mA, VBE = 0) -6 
(ic. = 80 mA, Vege = 0) -11 
(Ic = 160 mA, VBE = 0) -25A 


Emitter-Base Breakdown Voltage V(BR)EBO 
(Ile = 0.25 mA, Ic = 0) . MRA1417-2 
(ile = 0.5 mA, Ic = 0) 6 
(le = 1 mA, Ic = 0) -11 


(IE = 2 mA, Ic = 0) |  -25A 


Collector Cutoff Current MRA1417-2 
(VcB = 28 V, Ie = 0) -6 
“11 

-25A 


Collector Cutoff Current MRA1417-2 
(VcE = 45 V, Ig = 0) 6 
-11 

-25A 


(continued): 
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MRA1417 Series 


ELECTRICAL CHARACTERISTICS — continued 


ON CHARACTERISTICS 


DC Current Gain 
(Ic = 0.1 A, Vee 


(Ic = 0.2 A, VcE 
(Ic = 0.4 A, VcE 
(Ic = 0.8 A, VcE 


DYNAMIC CHARACTERISTICS 


Output Capacitance 


(VcB = 28 V, Ie = 0, f = 1 MHz) 


FUNCTIONAL TESTS 


Common-Base Amplifier Power Gain 
(VCE = 28 V, Pout = 2 W, f = 1.7 GHz) 


(VCE 28 V, Pout 
(VCE = 28 V, Pout 


Collector Efficiency 
(VcE = 28 V, Pout 
(VcE = 28 V, Pout 
(VcE = 28 V, Pout 


6 W, f = 1.7 GHz) 
11 W, f = 1.7 GHz) 
25 W, f = 1.7 GHz) 


2 W, f = 1.7 GHz) 
6 W, f = 1.7 GHz) 
11 W, f = 1.7 GHz) 


(VCE = 28 V, Pout = 25 W, f = 1.7 GHz) 


(1) Nominal value — not measurable because of shunt inductor bypass. 


Pout: POWER OUTPUT (WATTS) 


MRA1417-2 
-6 


MRA1417-2 
-6 
-11 
-25A 


MRA1417-2 
-6 
-11 
-25A 


MRA1417-2 
-6 
-11 
-25A 


TYPICAL CHARACTERISTICS 


MRA1417-2 — 2 WATTS BROADBAND 


f, FREQUENCY (GHz) 


Figure 1. Power Output versus Frequency 


Figure 3. Series Equivalent Input/Output Impedance 


They EFFICIENCY (9%) 


1.40 1.45 1.50 1.55 1.60 165 1.70 
f, FREQUENCY (GHz) 
Figure 2. Efficiency versus Frequency 
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Vcc = 28V 


MRA1417 Series 


_ TYPICAL CHARACTERISTICS — 
MRA1417-6 — 6 WATTS BROADBAND 


ttt 
ame ae 


140 145 150 -155 160 1.65 170 


Pout, POWER OUTPUT (WATTS) 


tng, EFFICIENCY (2) 


| f, FREQUENCY (GH) 
Figure 5. Efficiency versus Frequency 


Figure 6.|Series Equivalent Input/Output impedance 
| Vec = 28V i 


"TYPICAL CHARACTERISTICS 
MRA1417-11 — 11 WATTS BROADBAND 


= - 58 
= <a 
Ee > 
ae S : s6f 
5 a 
Ss fr 
ta ti 54 
5 2. 
a: 
s 52 
oO 
a 
50 baw: : : — 
1.40 1.45 1.50 1.55 1.60 1.65. 1.70 
f, FREQUENCY (GHz) oe 
N 
Figure 8. Efficiency versus Frequency te —$, 


145 150 #155 160 165 170. ° 
“f, FREQUENCY (GHz) — Soke = | a6 Pes 
Figure 7. Power Output versus Frequency Figure 9. Series Equivalent Input/Output Impedance 


Vec = 28V 


TYPICAL CHARACTERISTICS 
|. MRA1417-25A — 25 WATTS BROADBAND 


Pout: POWER OUTPUT (WATTS) 


Nc, EFFICIENCY (%) 
[ 
2 


Bo 145° °=«150 155 160 165 1-70 
f, FREQUENCY (GHz) 
Figure 11. Efficiency versus Frequency 


Figure 12. Series Equivalent Input/Output Impedance 
Figure 10. Power Output versus Frequency _ | Vec = 28 V 
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MRA1417 Series 


The graph shown below displays MTTF in hours x ampere2 
emitter current for each of the devices. Life tests at elevated 
temperatures have correlated to better than + 10% to the theo- 
retical prediction for metal failure. Sample MTTF calculations 
based on operating conditions are included below. 


MBAL1417-2 


i (2) 100pF 
a. 

= ra 
=< as 

< 

wo ee 
= . 

e eo a MRAL1417-6 
5 | y | 
© 

= 

La 

ams 

= 


MRAL1417-11 


y 


70° + 90 110 130 150 170 190 210 
Ty, JUNCTION TEMPERATURE (°C) 


- Example of MTTF for MRA1417-11 Conditions 


Po = 11 WwW 
Pin =2W 
Vcc = 28V 


= 45% 


n 
TFLANGE = 70°C 
2 100 x Po 


] = = 

C TUE nex Ver 
Poiss = Pin + Vcc. Ic — Po = 15.44 W 
TJUNC = TFLANGE + 9JF x Ppiss = 139.4°C 


MRAL1417-25 


« 1” 


= 0.873 A 


N y 


0.36 x 106 Hrs, Amp2 eg eae: bootesis 
MTTE = x Ic : ee 472,360 Hrs. , - Board material : 18 mil dielectric thickness teflon fiberglass. 
*Ground through to backside ground plane. 
MTTF = 53.9 Yrs (1)Bypass 100pF chip capacitor. 


(2)Vcc bypassed by O.1uF chip and SyF electrolytic. 


Figure 13. MTTF Factor 


(Normalized to 1 Ampere? Continuous Duty) Figure 14. Test Circuit Boards 


(Not to Scale) 
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MOTOROLA iy ore e a fa ere 
= SEMICONDUCTOR Se 
TECHNICAL DATA ee ne 


MRA1417H_ 
_ Series — 


The RF Line _ 


Microwave Power Transistors 


a _. designed primarily for wideband, large-signal-output and driver amplifier stages in | 7.4 to 8 dB | 

the 1.4 to 1.7 GHz frequency range. ~~ i pe ty 1.4~1.7 GHz | 

® Designed for Class C, Common Base Power Amplifiers. os. | 270 11 WATTS 

© Specified 28 Volt, 1.7GHz Characteristics: = = ~~ > se ea 7 BROADBAND 
Output Power — 2 to 11 Watts _ MICROWAVE POWER 


Power Gain — 7.4 to 8 dB, Min 

Collector Efficiency — 40 to 45% Min HORE? Ga, 
Built-In Matching Network for Broadband Operation 
Gold Metallization for Improved Reliability 
Diffused Ballast Resistors 
Hermetic Package for Military/Space Applications 


TRANSISTORS 


MAXIMUM RATINGS 


Storage Temperature Range 
THERMAL CHARACTERISTICS 


Characteristic 


Thermal Resistance, Junction to Case 
ELECTRICAL CHARACTERISTICS 


~ Characteristic 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(Ic = 20 mA, VBE = 0) 
(I¢ = 40 mA, Vee = 0) 
(i¢ = 80 mA, VBE = 0) 


Emitter-Base Breakdown Voltage. 


0.25 mA, Ic = 0) MRA1417- 2H 
0.5 mA, Ic = 0) 2 dint, . > +.6H 
1mA, Ic = 0) -11H 


Collector Cutoff Current 
(VcB = 28 V, Ie = 0) 


~ ON CHARACTERISTICS 


DC Current Gain 
(ic = 100 mA, VcE MRA1417- 2H 


(ic = 200 mA, VcE - 6H | 
(Ic = 400 mA, VcE = 


(continued) 
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_MRA1417H Series 

ELECTRICAL CHARACTERISTICS — continued 
a Characteristic = 

DYNAMIC CHARACTERISTICS 


Output Capacitance MRA1417- 2H 
(VcB = 28 V, Ile = 0, f = 1 MHz) - 6H 
| wen 3 -11H 


FUNCTIONAL TESTS 


Common-Base Amplifier Power Gain : 
(VcE = 28 V, Pout = 2 W,f = 1.7 GHz) MRA1417- 2H 
(VcE = 28 V, Pout = 6 W, f = 1.7 GHz) _ - 6H | 
(VcE = 28 V, Pout = 11 W, f = 1.7 GHz) -11H 


Collector Efficiency . 
(VcE = 28 V, Pout = 2 W, f = 1.7 GHz) MRA1417- 2H 
(VcE = 28 V, Pout = 6 W, f = 1.7 GHz) - 6H 
(VcE = 28 V, Pout = 11 W, f = 1.7 GHz) -11H 


TYPICAL CHARACTERISTICS 


The graph shown below displays MTTF in hours x ampere2 
emitter current for each of the devices. Life tests at elevated 
temperatures have correlated to better than + 10% to the theo- 
retical prediction for metal failure. Sample MTTF calculations 
based on operating conditions are included below. 


aq 

a. 

= 

4 | . 

. 2 

op Example of MTTF for MRA1417-11H Conditions 

a Po = 11 WwW 

= Pin = 2W 

a Vcc = 28V 

4 n = 45% . 

< TFLANGE = 70°C 

= 5 mexVCC 
Poiss Pin + Vcc. Ic — Po = 15.44W 


TJUNC TFLANGE aoe x piss = 139.4°C . 
0.36 x 106 Hrs. 
MTT = ———~ rs. Amp" _ 472,360 Hrs. 


. Ic 
MTTF = 53.9 Yrs 


70 = 90 110 130 150 170 190 210 
Ty, JUNCTION TEMPERATURE (°C) 


| Figure 1. MTTF Factor 
(Normalized to 1 Ampere2 Continuous Duty) 
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MOTOROLA 


= SEMICONDUCTOR sane 
TECHNICAL DATA a eB Sa one 


-MRA1720 


The RF Line ere 8 | es ee Series 6 
Microwave Power Transistors 

“designed primarily for wean: large- signal output and driver amplifier stagesin = «| —~=.—i(ws CC too 7.5 dB tal 
the 1.7 to 2 GHz frequency range. . __ Sn a0 § HL 1.72. GHz 
© Designed for Class C, Common Base Power Amplifiers a _ | ee 2 TO 20 WATTS © 
@ Specified 28 Volt, 2 GHz Characteristics: = 7 _. BROADBAND - 7 

- Output Power — 2 to 20 Watts ; | 7 | MICROWAVE POWER 


- Power Gain — 6 to 7.5 dB Min _ fea ae de TRANSISTORS 
Collector Efficiency — 35 to 40% Min — — 
@ Built-in Matching Network for Broadband Operation 
-@ Gold Metallization for Improved evanilty 
e Diffused Ballast Resistors 


MAXIMUM RATINGS 


SSS™~*~*~tng —SSS~=~“<~*~“*~*~*”SC “YY erie 
[ColeciorGaseVomage ——SSCSC~=~“*‘“*~‘“‘“‘“*S*~*~dCes~«SSSC(‘CSCSOO™CO#CO#~*d*éC~CWe 
[EmiterSese Volage ——=~S~S*~*~“~*“‘~*~*~‘“‘“‘“~‘~*~*~*~*~*~*~*dCS wd 
ae A cc 
aaa Pca 

a 


Operating Junction Temperature eS 
Storage Temperature Range —65 to +150 


THERMAL CHARACTERISTICS 


Thermal Resistance, Junction to Case _Rasc 15 | 8 [| 45 | 25 | cw | 


ELECTRICAL CHARACTERISTICS 


as een. "Ok ak Hee oe 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage V(BR)CES 
(Ic = 20 mA, Vege = 0) MRA1720-2 
(ic = 40 mA, VBE = 0) “5 
(Ic = 80 mA, VBE = 0) -9 
(Ic = 160 mA, VBE = 0) 7 -20 


Emitter-Base Breakdown Voltage . V(BR)EBO 
0.25 mA, Ic = 0) ~  MRA1720-2 

0.5 mA, Ic = 0) m3 uP Aes 

1 mA, Ic = 0) . -9 

2 mA, Ic = 0) . -20 


Collector Cutoff Current MRA1720-2 
(Vcp = 28 V, Ie = 0) 5 
-9 

-20 


Collector Cutoff Current MRA1720-2 
(VcE = 45 V, IE = 0) ; -5 
-9 

-20 


OhN — 


(continued) 
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MRA1720 Series 


ELECTRICAL CHARACTERISTICS — continued 


ON CHARACTERISTICS : : 


DC Current Gain 
(ic = 0.1 A, Voce = 5 V) MRA1720-2 
(il¢ = 0.2 A, Vce = 5 V) -5 | 
(Ic = 0.4A, Vcge = 5 V) -9 
(Ic = 0.8 A, VcE = 5 V) -20 


DYNAMIC CHARACTERISTICS 


Output Capacitance MRA1720-2 
(Vcp = 28 V, Ig = 0, f = 1 MHz) a) 


FUNCTIONAL TESTS 


‘Common-Base Amplifier Power Gain 
(VcE = 28 V, Pout = 2 W, f = 2 GHz) MRA1720-2 
28 V, Pout = 5 W, f = 2 GHz) -5 
28 V, Pout rare 9 W, f = 2 GHz) -9 
28 V, Pout = 20 W, f = 2 GHz) -20 


MRA1720-2 

5 

9 
(Ver = 28 v, Pout = 20 W, f = 2 GHz) -20 


(1) Nominal value — not measureable because of shunt inductor bypass. 
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MRA1720 Series 


TYPICAL CHARACTERISTICS 


_MRA1720-2 — 2 WATTS BROADBAND 


= 
E 
= 
a 
— 
= 
— 
© 
fo 
5 
Qa. 

3 
aS 

Figure 2. Series Equivalent Input/Output Impedance 
: Vcc = 28 V 
7 #173 0~—CO«18s—«dSH“_ (<“(“(‘aCSCOOC«*dA«SCt«‘ | 
f, FREQUENCY (GHz) 
Figure 1. Power Output versus Frequency 
60, 

__| 55 

=. 

> 

(o] 
i 

O 

irr 

*" 50 


VW, 


7 17518 1.85 19°~«4198~S~=~C~«S 
f, FREQUENCY (GHz) 


Figure 3. Efficiency versus Frequency 
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MRA1720 Series 


TYPICAL CHARACTERISTICS 


MRA1720-5 — 5 WATTS BROADBAND 


a 
N 
S 
: 


VAT 


f= 17 GH Ls 
a oL A InpuTZ Kr 
E 2 GHz: 1 
= s 3 
e. 
5 ea 
oO _—_ 
os f=2GHe | Ne 
S OUTPUT Z Ne 
a ; ra ee, 
> eh GHz , 4 hey 
Re \ oe OS 
me “ee “ Pas % 
% Ls 
o¢ Re 
F 03g 10 oe 
Figure 5. Series Equivalent Input/Output Impedance 
Vcc = 28 V 
Te 
f, FREQUENCY (GHz) 
Figure 4. Power Output versus Frequency 

5 
cu 
ir 
wi 
4 


171.78 18 1.85 1.9 1.95 2 
f, FREQUENCY (GHz) 


_ Figure 6. Efficiency versus Frequency _ 
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MRA1720 Series 


: TYPICAL CHARACTERISTICS 


_ MRA1720-9 — 9 WATTS BROADBAND 


(SLIVM) LNdLNO HAMOd 3% 


Figure 8. Series Equivalent Input/Output Impedance 


Vcc = 28V 


, FREQUENCY (GHz) 


Figure 7. Power Output versus Frequency 


(%) AINFIDISI3 


Ob 


f, FREQUENCY (GHz) 


Figure 9. Efficiency versus Frequency 
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MRA1720 Series 


TYPICAL CHARACTERISTICS 


MRA1720-20 — 20 WATTS BROADBAND 


LL /7 
AY 


x 
wa 


6 
Was = 
S79 
pipe 


Pout, POWER OUTPUT (WATTS) 


VW 


Figure 11. Series Equivalent Input/Output Impedance 
Vcc = 28 V 


f, FREQUENCY (GHz) 


Figure 10. Power Output versus Frequency 


Nc, EFFICIENCY (%) 


1721495 18 1.85 19 195 2 
f, FREQUENCY (GHz) 


Figure 12. Efficiency versus Frequency 
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MRA1720 Series 


The graph shown below displays MTTF in hours x ampere2 y » | 
emitter current for each of the devices. Life tests at elevated 

temperatures have correlated to better than + 10% to the theo- MRA1720-2 
retical prediction for metal failure. Sample MTTF calculations 
based on operating conditions are included below. 


Input 
Bis 


100pF 
Ceramic Chip 


| ~ | 


V 


MRA1720-5 


Input 
Rol 


100pF 
Ceramic Chip 


re 


4 


MRA1720-9 


MTTF FACTOR (106 HRS. x AMP2) 


Input 
PS) 


100pF 
Ceramic Chip 


V 


MRA1720-20 


Input 


Two 100pF Ceramic Chips 
in Paraltel 


Ty, JUNCTION TEMPERATURE (°C) 


+-——1"—» 
Example of MTTF for MRA1720-9 Conditions IN A 
Po =9W “Foil wrap or plate around to ground plane. 
Pin = 2W (1) Bypass capacitor to ground (1 00pF ceramic chip). 
Vcc = 28V (2) Use Vcc bypass of 100pF chip, 0.14F chip and 5yF. 
n = 40% Board material 0.020 inch glass-teflon &r = 2.55. 
TFLANGE = 70°C Sar 
x 
Ic =Ic= 2 = 0.803 A 
Cn nex Ver 
Poiss = Pin + Vec. Ic — Po = 15.48 W Figure 14. Test Circuit Boards (Not to Scale) 


TJUNC = TFLANGE + 6JF x 15.48 = 139.6°C 


0.4 x 106 Hrs. Amp2 
= SA = 620,338 Hrs 
Ic 
MTTF = 70.8 Yrs 


Figure 13. MTTF Factor versus Junction Temperature 
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MOTOROLA _ — 7 
= SEMICONDUCIO: xe 
TECHNICAL DATA | 


MRAL1417 
Series 


The RF Line | af 
Microwave Power Transistors 


... designed primarily for wideband, large-signal output and driver amplifier stages in 7 to 8 dB 
the 1.4 to 1.7 GHz frequency range. | 1.4-1.7 GHz 


@ Designed for Class C, Common Base Power Amplifiers gece, 

@ Specified 22 Volt, 1.7 GHz Characteristics: MICROWAVE POWER 
Output Power — 2 to 25 Watts TRANSISTORS 
Power Gain — 7 to 8 dB Min 
Collector Efficiency — 40 to 45% 

@ Built-In Matching Network for Broadband Operation 

® Gold Metallization for Improved Reliability 

@ Diffused Ballast Resistors 


MAXIMUM RATINGS . 
a ee 
Storage Temperature Range | 7 


THERMAL CHARACTERISTICS 


ELECTRICAL CHARACTERISTICS 


OFF CHARACTERISTICS | | : 


Collector-Emitter Breakdown Voltage V(BR)CES 
(Ic = 20 mA, VBE = 0) MRAL1417-2 
(Ic = 40 mA, Vege = 0) -6 
(ic = 80 mA, VBE = 0) -11 
(Ic = 160 mA, VBE = 0) -25 


Emitter-Base Breakdown Voltage V(BR)EBO 
(l_ = 0.25 mA, Ic = 0) MRAL1417-2 
(le = 0.5 mA, Ic = 0) 6 
1 mA, Ic = 0) . -11 


2 mA, Ic = 0) -25 


Collector Cutoff Current . MRAL1417-2 
(VcB = 22 V, Ie = 0) -6 
-11 

-25 


Collector Cutoff Current MRAL1417-2 
(VcE = 38 V, Vee = 0) -6 
-11 
-25 


sad 
o 


ORNM || AND = 


(continued) 
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MRAL1417 Series" 


ELECTRICAL CHARACTERISTICS — continued 


ON CHARACTERISTICS 


DC Current Gain * 
{i¢ =.0.1 A, VcE 


=. MRAL1417-2 - 

Ny eee FB 
-11 
-25 


(I¢ = 0.2 A, VcE 
(I¢ = 0.4 A, VcE 
(Ic = 0.8 A, VCE 


_ FUNCTIONAL TESTS 


Common-Base Amplifier Power Gain . fen 
(VcE = 22 V, Pout = 2 W, f = 1.7 GHz) MRAL1417-2 
(VCE = 22 V, Pout 6 W, f= 1.7 GHz) 5 oe - 
(VcE = 22 V, Pout ,f = 1.7 GHz) -25 | 


Collector Efficiency se, he tes as 
(VCE = 22 V, Pout = : © MRAL1417-2 
(VCE = 22 V, Pout P 3S -6 
(VCE = 22 V, Pout : : = 
(VCE = 22 V, Pout : ; “25 


PAE TL 2 Device Impedance | MRAL1417-11 Device Impedance 


Zaut (Q) Zout {Q2) 


Freq. Freq. ae 
1.4GHz 
_1.456Hz 
1.5GHz 
1.55GHz 


1.4GHz 
1.45GHz — 
1.5GHz 
1.55GHz 
1.6GHz 
1.65GHz 
1.7GHz 


1.6GHz 
1.65GHz 
1.7GHz 


SAE ETL ES Downes: lmpeuanes MRAL1417-25 Device Impedance 


Zout (22) eo te ZouT (2) 
R 


Freq. Freq. 


1.4GHz 1.4GHz 
1.45GHz 1.45GHz 


1.5GHz , 3 , a peed 
Teo - 7 | 1.55GHz 
1.6GHz ; 7 1.6GHz 
1.65GHz | | 1.65GHz 
1.7GHz | hGH: 


Figure 1. Zjyy and ZouT versus Frequency 
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MRAL1417 Series 


MRAL1417-2 


—— 1° —~ 
a 


* 


MRAL1417-6 


Mi 


Board material : 18 mil dielectric thickness teflon fiberglass. 


*Ground through to backside ground plane. 
(1)Bypass 100QpF chip capacitor. 
(2)Vcc bypassed by O.1,F chip and SpF electrolytic. 


| Figure 2. Test Circuit Boards (Not to Scale) 
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= SEMICONDUCTOR oI 


MOTOROLA as er eee eee 
TECHNICAL DATA rea a 


-MRAL1720 
Series — 


The RF Line or rn ee 
Microwave Power Transistors 


6 to 7.5 dB 


. . ae oe eee . 1.7-2 GHz 
... designed primarily for wideband, large-signal output and driver amplifier stages in 2 TO 20 WATTS: 
the 1.7 to 2 GHz frequency range. se. = -. BROADBAND _ 
© Designed for Class C, Common Base Power Amplifier: - MICROWAVE POWER 
@ Specified 22 Volt, 2 GHz Characteristics: . 


_ TRANSISTORS 


Output Power — 2 to 20 Watts 

Power Gain — 6 to 7.5 dB, Min 

Collector Efficiency — 35 to 40%, Min 
@ Built-in Matching Network for Broadband Operation 
e@ Gold Metallization for Improved Reliability 
e Diffused Ballast Resistors . 


MAXIMUM RATINGS 


Collector-Base Voltage __ 


Emitter-Base Voltage 


Collector Current — Continuous 


Operating Junction Temperature 


Storage Temperature Range 
THERMAL CHARACTERISTICS - 


| Characteristic | symbol [Mex | Unit 
[Thermal Resistance, Junction to Case a 


ELECTRICAL CHARACTERISTICS 


Characteristic 


Coilector-Emitter Breakdown Voltage ‘| ViBR)CES | ~ 
(ic = 20 mA, VBE = 0) . MRAL1720-2 
(ic = 40 mA, Vee = | 5 . 
(Ic = 80 mA, VBE -9 
(Ic = 160 mA, VBE = 0) . 
Emitter-Base Breakdown Voltage V(BR)EBO 
(IE = 0.25 mA, Ic = 0) | MRAL1720-2 
0.5 mA, Ic = 0) _ 3 
1mA,I¢ = 0) | | 
2 mA, Ic = 0) 
Collector Cutoff Current 7 an MRAL1720-2 
(VcB = 22 V, Ie = 0) -5 
Collector Cutoff Current Oo | | MRAL1720-2 ICBO2 
(VcE = 38 V, IE = 0) | 5 
a ae eae | 
. | -20 
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MRAL1720 Series 
ELECTRICAL CHARACTERISTICS — continued 


Characteristic. = 2 


ON CHARACTERISTICS 


DC Current Gain 
_(l¢ = 0.1 A, VcE = 5 V) MRAL 1720-2 
(lc = 0.2A,VceE = 5.V) eB 
(Ic = 0.4A, Voce = 5 V) -9 

(ic = 0.8 A, Vce = 5 V) . . -20 

DYNAMIC CHARACTERISTICS 

Output Capacitance MRAL1720-2 

(VcB = 28 V, le = 0, f = 1 MHz) : 5 
a) 

-20 


FUNCTIONAL TESTS: 
Common-Base Amplifier Power Gain 
(VcE = 22 V, Pout = 2 W, f = 2 GHz) MRAL1720-2 
(VcE = 22 V, Pout = 5 W, f = 2 GHz) | -+5 
(VCE = 22 V, Pout =.9W, f.= 2 GHz) -9 

(VCE 20 W, f. = 2 GHz) 

Collector Efficiency 
(VCE 22 V, Pout 
(VCE 
(VCE 

(1) Nominal value — not measurable because of shunt inductor bypass. 


TYPICAL CHARACTERIST 
MRAL1720-2 


2 W, f = 2 GHz) ~ MRAL1720-2 — 
5 W, f = 2 GHz) 

‘QW, f = 2 GHz) 

20 W, f = 2 GHz) 


tot i dl 
tot te 


ICS 


Pout POWER OUTPUT (WATTS) 


Nc. EFFICIENCY (%) 


f, FREQUENCY (GHz) 


Figure 1. Power Output versus Frequency gurerd ve ticloneyeaistic Ereauancy 
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MRAL1720 Series 


TYPICAL CHARACTERISTICS _ 


MRAL1720-5 


Figure 5. Series Equivalent Input/Output Impedance 
Vcc = 22 V 


Pout, POWER OUTPUT (WATTS) 


Ty EFFICIENCY (%) 


| 17 18 A 2 
f, FREQUENCY (GHz) " f, FREQUENCY (GHz) 


Figure 4. Power Output versus Frequency | _-- ° Figure 6. Efficiency versus Frequency 


MOTOROLA RF DEVICE DATA 


2-337 


MRAL1720 Series 


TYPICAL CHARACTERISTICS 


__MRAL1720-9 


a Figure 8. Series Equivalent Input/Output Impedance 
Rest Vcc = 22V <) 
Veco = 22V © 


Pout, POWER OUTPUT (WATTS) 


x 


Ne, EFFICIENCY (%) 


EEN 


= 


18 
- , FREQUENCY (GHz] ___ f, FREQUENCY (GHz) 


_ Figure 7. Power Output versus Frequency __. Figure 9. Efficiency versus Frequency 
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MRAL1720 Series 


TYPICAL CHARACTERISTICS 


-MRAL1720-20 


Figure 11. Series Equivalent Input/Output Impedance 
Vec = 22V 


Pout, POWER OUTPUT (WATTS) 


Me EFFICIENCY (%) 


Wo 18 wo 19 ge ey ee | - 
no "f, FREQUENCY (GHz) e a f, FREQUENCY (GHz) 
Figure 10. Power Output versus Frequency : a Figure 12. Efficiency versus Frequency 
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MRAL1720 Series 


_ E of : \ MRAL1720-9 
‘The graph shown displays MTTF in hours x ampere2 a \ 
emitter current for each of the devices. Life tests at elevated \ | 
temperatures have correlated to better than + 10% to the \ 
theoretical prediction for metal failure. Sample MTTF. \ 


AS, 


calculations based on operating conditions are included below. 


a 

‘ [a 

Example of MTTF for MRA1720-9 Conditions = 
Vcc = 28V ie 

: pS 40% . = 
TFLANGE = 70°C oc 
100 x Po < 

Ic =le = ———— = 0.803 A (=) 
CE ne x Vec x 

Poiss = Pin + Vcc: Ic — B = 15.48 W 

= 


TJUNC = TFLANGE + OJEX aes = 139.6°C 
: Hrs. 

MTTF = Oe ANS 2m" Ax 10 cz Amp = 620,338 Hrs. 

70.8 Yrs 


MTTF 


1. 9 = 110. 130150170 190210 
Ty, JUNCTION TEMPERATURE (°C) 


Figure 13. MTTF Factor versus Junction Temperature ; | 


| —— sit 


50.0 mil gaan 


b00 pF 
CERAMIC CHIP 


1" -| 


CERAMIC CAP 


MRAL1720-2 ° Ma MRAL1720- ll 


200.0 mil 


ad F 


50 mil 100 pF CHIP 


MRAL1720-5 y 


bs MRALI720-20 y 


*Foil wrap or plate around to ground plane: 1) C1, C5 = 0.1 yF chip capacitor 


(1) Bypass capacitor to ground (100 pF ceramic chip). . 2)C2, C3, C4 = 120 pF 
(2) Use Vcc bypass of 100 pF chip, 0.1 uF chip and 5 pF. 3) C6 = 100 pF (ATC) 
Board material 0.020 inch glass-teflon ¢, = 2.55. 4) C7 = 50 ,F 50 WV Electrolytic 


5) * = 1 mil Shim thru ground plane 
6) Material = Glass/Teflon 
€, = 2.55 
a 7 . Thickness = .020 in. 
Figure 14. Test Circuit Boards (Not to Scale) 1.0 oz copper 
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MOTOROLA 


= SEMICONDUCTOR ye 
TECHNICAL DATA 


MRAL2023 


The RF Line Series 

Microwave Power Transistors 

... designed primarily for wideband, large-signal output and driver amplifier stages in 6.8 to 8 dB 

the 2 to 2.3 GHz frequency range. 2-2.3 GHz 

e@ Designed for Class C, Common Base Power Amplifiers 1.5 TO 12 WATTS 

@ Specified 22 Volt, 2.3 GHz Characteristics: BROADBAND 
Output Power — 1.5 to 12 Watts MICROWAVE POWER 
Power Gain — 6.8 to 8 dB Min TRANSISTORS 


Collector Efficiency — 35 to 40% Min 
@ Built-In Matching Network for Broadband Operation 
@ Gold Metallization for Improved Reliability 
@ Diffused Ballast Resistors 


CASE 394-01, STYLE 1 


Talay s[ "| 


Collector Current — Continuous : : Adc 


MAXIMUM RATINGS 


THERMAL CHARACTERISTICS 


a 
Thermal Resistance, Junction to Case | Rac | 30 | 16 | 8 | 45 | ecw 


ELECTRICAL CHARACTERISTICS 


[thereto —SSSS~*~ Ct | min | to | Moe [te 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage V(BR)CES 
10 mA, VBE MRAL2023-1.5 
Cc = 20 mA, VBE -3 
(ic = 50 mA, VBE 
(Ic = 100 mA, VBE = 0) 


Emitter-Base Breakdown Voltage V(BR)EBO 
0.2 mA, Ic = 0) 

0.4 mA, Ic = 0) 

1mA, Ic = 0) 


i Wow t 


2 mA, Ic = 0) 


Collector Cutoff Current MRAL2023-1.5 
(VcgB = 22 V, IE = 0) -3 


Collector Cutoff Current MRAL2023-1.5 
(VcE = 38 V, IE = 0) -3 
-6 

-12 


(continued) 
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MRAL2023 Series 


ELECTRICAL CHARACTERISTICS — continued 


ON CHARACTERISTICS 


DC Current Gain 
(Ic = 0.1A, Vee = 5 V) MRAL2023-1.5 


(Il¢ = 0.2A, VcE = 5 V) -3 
(Ic = 0.5 A, VcE = 5 V) -6 
(Ic = 1A, VceE = 5 V) “12 


DYNAMIC CHARACTERISTICS 


Output Capacitance MRAL2023-1.5 
(Vcp = 22 B, IE = 0, f = 1 MHz) -3 
-6 


FUNCTIONAL TESTS 


Common-Base Amplifier Power Gain 
(VCE = 22 V, Pout = 1.5 W, f = 2.3 GHz) MRAL2023-1.5 
(VcE = 22 V, Pout = 3 W, f = 2.3 GHz) 
(VCE = 22 V, Pout = 6 W, f = 2.3 GHz) 
(VCE 22 V, Pout 12 W, t=23 GHz) 


Collector Efficiency 
(VcE = 22 V, Pout 
(VCE = 22 V, Pout 
(VCE = 22 V, Pout 
(VcE = 22 V, Pout 


(1) Nominal value — not measurable because of shunt inductor bypass. 


i we vol 


1.5 W, f = 2.3 GHz) 
3 W, f = 2.3 GHz) 
6 W, f = 2.3 GHz) 
12 W, f = 2.3 GHz) 
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MRAL2023 Series | 


TYPICAL CHARACTERISTICS 7 
_ MRAL2023-1.5 


A. 
=e 
= 
ee 
= 
= 
i Pah 
to 
= 
2. 
a 
Figure 2. Series Equivalent Input/Output Impedance 
Vec = 22 V / 
f, FREQUENCY (GHz) 
Figure 1. Power Output versus Frequency 

5 

rf 

- 

< 


f, FREQUENCY (GHz) 


Figure 3. Efficiency versus Frequency 
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MRAL2023 Series 


TYPICAL CHARACTERISTICS 
MRAL2023-3 


o 
o 
bos 
| 
’ 
on 


is 
Sy 


Bit 


A 
TT | 
ATH TT 


| 
= 
=e ys cs 
in OK 
/- ROLE 
i le races 
es ee ° Re Aaa 
2 : Teneo f = 23 GHz 
ttt tt to 
0.2 Senet 
PsP bect |p Figure 5. Series Equivalent panna Impedance 
7 Vcc = 22 V 


f, FREQUENCY (GHz) 


Figure 4. Power Output versus Frequency 


Nc, EFFICIENCY (%) 


f, FREQUENCY (GHz) 


Figure 6. Efficiency versus Frequency 


MOTOROLA RF DEVICE DATA 


2-344 


_MRAL2023 Series 


TYPICAL CHARACTERISTICS 
~ MRAL2023-6 


E 
= ; 
io 
=) 
= 
<> 
jo) 
ta 
= 
= 
oo 
Figure 8. Series Equivalent Input/Output Impedance 
Vcc = 22V 
2 2.05 2.1 2.15 2.2 2.25 2.3 
f, FREQUENCY (GHz) 
Figure 7. Power Output versus Frequency 
5 
tu 
S 
< 


f, FREQUENCY (GHz) 


Figure 9. Efficiency versus Frequency 


MOTOROLA RF DEVICE DATA 


2-345 


MRAL2023 Series 


TYPICAL CHARACTERISTICS 
MRAL2023-12 


(SLIVM) LNdLNO H3MOd 2°°q 


Figure 11. Series Equivalent Input/Output Impedance 
Vcc = 22 V 


f, FREQUENCY (GHz) 


Figure 10. Power Output versus Frequency 


(%) AONAIDId3 OU 


f, FREQUENCY (GHz) 
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MRAL2023 Series 


The graph shown below displays MTTF in hours x ampere2 . 
emitter current for each of the devices. Life tests at elevated 
temperatures have correlated to better than + 10% to the theo- 
retical prediction for metal failure. Sample MTTF calculations: 
based on operating conditions are included below. 


10,000,000 =~ 


1,000,000 | 
100,000 Ps 


10,000 | 


MTTF FACTOR (HOURS x AMP2} 


Ty, JUNCTION TEMPERATURE (°C) 


Example of MTTF for MRA2023-12 Conditions 


TFLANGE 
Ic 

_ Ppiss 
TYJUNC 
MTTF 
MTTF 


12 W 


lou fe ue 


= Pin + Vcc. Ic. — Po = 20.42 W 
= TFLANGE + (6jF x Ppoiss) = 161.89°C 


2. 105 Hrs. Amp2 
= amma saa = 110,834 Hrs 


= 12.65 Yrs 


Figure 13. MTTF Factor versus Junction Temperature 
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MRAL2023-1.5 


(2)* ao i 
Output. - 
ners 
100pF 


“Ceramic Chip. - 
1" Py 
MRAL2023-3 

Output 


~ 100pF 
Ceramic Chip 


MRAL2023-6 


Output 
Cera ED 


100pF 
Ceramic Chip 
—_—" y | 


MRAL2023-12 


(2) 
Output - 
CoS ORCAS 
Two 100pF Ceramic Chips 
in Parallel 


foo———— 1" >| ; 
A 


Figure 14. Test Circuit Boards (Not to Scale) 
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oa | | | | MRAL2023-18 
The RF Line | MRAL2023-18H 


Microwave Power Transistors 


... designed primarily for wideband, large-signal output and driver amplifier stages in 


the 2 to 2.3 GHz frequency range. — | omens 

e Designed for Class C, Common Base Power Amplifiers 18 WATTS 

® Specified 22 Volt, 2.3 GHz Characteristics: BROADBAND 
Output Power — 18 Watts MICROWAVE POWER 


Power Gain — 7 dB Min TRANSISTORS 
Collector Efficiency — 35%, Min | 


@ Built-In Matching Network for Broadband Operation 
® Gold Metallization for Improved Reliability 

@ Diffused Ballast Resistors 

@ Hermetic Package for Military/Space Applications 


MAXIMUM RATINGS 
MRAL2023-18H 


Vde 
a 
Unit 


Storage Temperature Range ~MRAL2023-18 Tstg —65 to +150 
MRAL2023-18H —65 to +200 


THERMAL CHARACTERISTICS 


Thermal Resistance, Junction. to Case MRAL2023-18 
ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 


TC haractcrste «| Symbol [Min | Typ [Max | Unit | 
OFF CHARACTERISTICS . . . 
werices | 42 | — | — | vec | 


Collector-Emitter Breakdown Voltage (Ic = 160 mA, VBE = 0) 


ICBO 
ON CHARACTERISTICS 


FUNCTIONAL TESTS . 


| Common-Base Amplifier Power Gain 
(VCE = 22 V, Pout = 18 W, f = 2.3 GHz) 


Collector Efficiency (Vce = 22 V, Pout = 18 W, f = 2.3 GHz) | ne | 88 
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~MRAL2023-18, -18H Series 


| _ TYPICAL CHARACTERISTICS 
~The graph shown below displays MTTF in hours x: ampere2 
emitter current for each of the devices. Life tests at elevated 
temperatures have correlated to better than + 10% to the theo- 
retical prediction for metal failure. Divide MTTF by Ic2 for MTTF 
in a particular application. 


MTTF FACTOR (106 HRS. x AMP2) 


Ty, JUNCTION TEMPERATURE (°C) 


Figure 1. MTTF Factor versus Junction Temperature 


- Vec + 


a a 
(a) MRAL2023-18 


Board material — 0.018” dielectric thickness teflon fiberglass. 


7 = Ground area to backside of board. 
Ci-C3 = 100 pF porcelain ceramic chip. 


C4 = 0.1-yF ceramic chip. ; 1" 
C5 = 5OuF, 50V electrolytic. : |———_-—--- 


_ Rrci” = 5 turns # 28AWG, ~0.125” dia. 


 MRAL2023-18H MRAL2023-18H oe 
Gea eS y 
7 | (b) MRAL2023-18H 


Figure 2. Test Circuit Boards (Not to Scale) 
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MOTOROLA 7 
= SEMICONDUCTOR mums 


TECHNICAL DATA 


MRAL2023H 


The RF Line | Series 
Microwave Power Transistors 
. designed primarily for wideband, large-signal output and driver amplifier stages in 6.8 to 8 dB 
the 2 to 2.3 GHz frequency range. 2-23 GHz 
®@ Designed for Class C, Common Base Power Amplifiers 1.5 TO 12 WATTS 
® Specified 22 Volt, 2.3 GHz Characteristics: : . BROADBAND 
Output Power — 1.5 to 12 Watts . . MICROWAVE POWER 
Power Gain — 6.8 to 8 dB | TRANSISTORS 


Collector Efficiency — 35 to 40% 
Built-In Matching Network for Broadband Operation 
Gold Metallization for Improved Reliability 
Diffused Ballast Resistors 
Hermetic Package for Milleany/opace Apdlicaios 


MAXIMUM RATINGS 


ee 
a a 
[EmiterGase Vokage —~=~SC~*~“‘“‘~S*S*S*SCSC*~“~*~*~*~*d;C‘ BSC 
Ade 
Es 
ae 


or ae 1 oe A ee 
THERMAL CHARACTERISTICS 

[Sim [eo 
[Fiona Raina Jnaionvo Gao Le | ae | ew 


ELECTRICAL CHARACTERISTICS 


a 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage VieRIces 
(ic = 10 mA, Vee MRAL2023-1.5H : 
(ic = 20 mA, VBE 
(Ic = 50 mA, VBE 
(Ic = 100 mA, VBE = 7 

Emitter-Base Breakdown Voltage en | , V(BR)EBO 
(IE = 0.2 mA, Ic = 0) -1. 

0.4mA, IC = 0) | 3 
1 mA, Ic = 0) - 
2 mA, Ic = 0) S eg 


Collector Cutoff Current 
(VcB = 22 V, IE = 0) 


Collector Cutoff Current 
(VCE = 38 V, IE = 0) © 


(continued) 
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MRAL2023H Series 
ELECTRICAL CHARACTERISTICS — continued 


ON CHARACTERISTICS 


DC Current Gain 
(Ic = 0.1A, Vce = 5 V) MRAL2023-1.5H 


(Ic = 0.2 A, Vee = 5 V) 
-(I¢ = 0.5 A, VcE = 5 V) 
(lc = 1A, VceE = 5 V) 


_ DYNAMIC CHARACTERISTICS 


Output Capacitance 
(VcB = 22 V, Ie = 0, f = 1 MHz) 


FUNCTIONAL TESTS 


Common-Base Amplifier Power Gain 
(VcE = 22 V, Pout = 1.5 W, f = 2.3 GHz) 
(VCE = 22 V, Pout = 3 W, f = 2.3 GHz) 
(VCE = 22 V, Pout = 6 W, f = 2.3 GHz) : 
(VCE = 22 V, Pout = 12 W, f = 2.3 GHz) : 


how dod 


Collector Efficiency 
(VCE = 22 V, Pout 1.5 W, f 2:3 GHz) 

3 W, f = 2.3 GHz) 

6 W, f = 2.3 GHz) 


12 W, f = 2.3 GHz) 


(VCE = 22 V, Pout 
(VCE = 22 V, Pout 
(VCE = 22 V, Pout 


Note 1. Nominal value — not measurable because of shunt inductor bypass. 


TYPICAL CHARACTERISTICS 
MRAL2023-1.5H 


2 2 
= 
aed 
=) 
ra 
=> 
So 1 
ry 
= 08 
2 
= 06 Figure 2. Series Equivalent Input/Output Impedance 
Oo . 
a. 
i a wee 
0.2 TTT dl. 
go) Viet oe te te asap oes) © 
2 2.05 21 215 2.2 2.25 2.3 ry) 
f, FREQUENCY (GHz) iS 


Figure 1. Power Output versus Frequency 


2 205 21 215 22 225 23 
f, FREQUENCY (GHz) 


Figure 3. Efficiency versus Frequency 
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MRAL2023H Series 


TYPICAL CHARACTERISTICS 
MRAL2023-3H 


Pout, POWER OUTPUT (WATTS) 


0.1. 
2 205 21 2145 22 225 23 
f, FREQUENCY (GHz) 


Nc, EFFICIENCY (%) 


Figure 4. Power Output versus Frequency 


2 2.05 21 215 22 2.25 2.3 
f, FREQUENCY (GHz) 


Figure 6. Efficiency versus Frequency 
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MRAL2023H Series 


TYPICAL CHARACTERISTICS 
MRAL2023-6H i 


p 
f= 23GHz2 93G6H, 


Pout, POWER OUTPUT (WATTS) 


“2 , 205.21 215 22 225 23. 
» f, FREQUENCY (GHz) 


Figure 7. Power Output versus Frequency 


No, EFFICIENCY (%) 


2 205 2.1 215 2.2 225 23 
f, FREQUENCY (GHz) 


Figure 9. Efficiency versus Frequency | 


MOTOROLA RF DEVICE DATA 


2-353 


MRAL2023H Series 


TYPICAL CHARACTERISTICS 
MRAL2023-12H | 


w 
ee 
3 
_— 
> 
f 
mo) 
(o>) 
oc 
LL 
= 
ro) 
Qa. 
Ss 
a® 
Figure 11. Series Equivalent Input/Output Impedance 
The graph shown below displays MTTF in hours x ampere2 
2 2.05 2.1 2.15 22 225 23 emitter current for each of the devices, Life tests at elevated 
f, FREQUENCY (GHz) temperatures have correlated to better than + 10% to the theo- 
retical prediction for metal failure. Divide MTTF by Ic2 for actual 
Figure 10. Power Output versus Frequency MTTF in a particular application. 
10,000,000 FS 
1,000,000 
2 100,000 
= <x 
> ~< 
oO [op] 
= [aa 
Lu > 
2 2 
i o 
: S 10,000 
= & 
x 
ue 
— 
= 
{ 1,000 
2 205 2.1 215 22 225 23 
f, FREQUENCY (GHz) 
Figure 12. Efficiency versus Frequency 100 


100 120 140 160 180 200 220 240 
Ty, JUNCTION TEMPERATURE (°C) 


Figure 13. MTTF Factor versus Junction Temperature 
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MOTOROLA 


m= SEMICONDUCTO 
‘TECHNICAL DATA 


‘MRAL2327 
Series — 


The RF Line bait. fe 
Microwave Power Transistors 


.... designed primarily for wideband, large-signal output and driver amplifier stages in - : 5.5to7 dB 
the 2.3 to 2.7 GHz frequency range. 2.3-2.7 GHz 
_ @ Designed for Class C, Common Base Power Amplifiers | patriot 
@ Specified 22 Volt, 2.7 GHz Characteristics: ivipat 
Output Power — 1.3 to 6 Watts » ENON Eee 
: ee TRANSISTORS 
Power Gain. — 5.5 to 7 dB Min, Common Base 
Collector Efficiency — 30 to 35% Min 
@ Built-In Matching Network for Broadband Operation 
@ Gold Metallization for Improved Reliability 
@ Diffused Ballast Resistors 


MAXIMUM RATINGS 


Collector-Base Voltage 


Emitter-Base Voltage 


Operating Junction Temperature 


Storage Temperature Range 
THERMAL CHARACTERISTICS 


Thermal Resistance, Junction to Case RgJc i ae a a a °C/W 


ELECTRICAL CHARACTERISTICS 4 . | 


Characteristic . 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage _ V(BR)CES 
(Ic = 10 mA, VBE MRAL2327-1.3 , 
(Ic = 20 mA, VBE -3 
(Ic = 50 mA, VBE ; -6 

Collector-Base Breakdown Voltage V(BR)CBO 

~  (I¢ = 0.5 mA, IE = 0) ©.  MRAL2327-1.3 
(Ic = 1 mA, IE = 0) -3 
(Ic = 2.5 mA, IE = 0) -6 

Emitter-Base Breakdown Voltage Oo : | ViBRJEBO 
(IE = 0.2 mA, Ic = 0) MRAL2327-1.3 . : 
(IE = 0.4 mA, Ic.= 0). | | 3 
(l—E = 1 mA, Ic = 0) 6 | 5. 

Collector Cutoff Current MRAL2327-1.3 ICBO 
(VcB = 22 V, IE = 0) -3 

6 


ON CHARACTERISTICS 


DC Current Gain . i 
(i¢ = 100 mA, VcE ii Ss MRAL2327-1.3 


(I¢ = 200 mA, VcE 3 | 
(I¢ = 500 mA, VcE- wv. i ee ey, -6 


(continued) 
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MRAL2327 Series 


ELECTRICAL CHARACTERISTICS — continued 


FUNCTIONAL TESTS — 


Common-Base Amplifier Power Gain 
(VCE: = 22:V, Poyt = 1-3 W, f = 2.7 GHz) MRAL2327-1.3 
(VcE = 22 V, Pout = 3 W, f = 2.7 GHz) -3 
(VCE = 22.V, Pout = 6 W, f = 2.7 GHz) -6 


Collector Efficiency 
(VCE = 22 V, Pout = 1-3 W, f = 2.7 GHz) MRAL2327-1.3 
(VCE = 22 V, Pout = 3 W, f = 2.7 GHz) 3. 
(VCE = 22 V, Pout = 6 W, f = 2.7 GHz) -6 


TYPICAL CHARACTERISTICS | — 
MRAL2327-1.3 MRAL2327-3 


Pout, POWER OUTPUT (WATTS) 
Pout, POWER OUTPUT (WATTS) 


f, FREQUENCY (GHz) f, FREQUENCY (GHz) 


Figure 1. Power Output versus Frequency ; _ Figure 2. Power Output versus Frequency 


Nc. EFFICIENCY (%) 
Nc, EFFICIENCY (%) 


f, FREQUENCY (GHz) - f, FREQUENCY (GHz) 


_ Figure 2. Collector Efficiency versus Frequency | Figure 4. Collector Efficiency versus Frequency 
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MRAL2327 Series 


_ TYPICAL CHARACTERISTICS 
MRAL2327-6 | oe MRAL2327-12 


e B 
Soot i 
= = 
ke bk 
a = 
i — 
— 2 
© © 
ta ta 
3 = 
af a 
23. 2~*«“‘ S*C“‘“‘zx2WH!T!~C~BC 
f, FREQUENCY (GHz) f, FREQUENCY (GHz) 
Figure 5. Power Output versus Frequency Figure 7. Power Output versus Frequency 


TWe, EFFICIENCY (%) 
Tq EFFICIENCY (%) 


f, FREQUENCY (GHz) f, FREQUENCY (GHz) 


Figure 6. Collector Efficiency versus Frequency 


Figure 8. Collector Efficiency versus Frequency 
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MRAL2327 Series 


The graph shown below displays MTTF in hours x ampere2 
emitter current for each of the devices. Life tests at elevated 
temperatures have correlated to better than + 10% to the theo- 


retical prediction for metal failure. Divide MTTF by Ic2 for MTTF 
TT in a particular applications. 
MRAL2327-1.3 10,000,000 
LN 7 | 


W ‘“ 


1,000,000 
V ‘N 
= 
z 
= 100,000 
wn 
= 
5 
m 'MRAL2327-3 og 5 
10,000 
te: 
= 
4 ‘“ 
pit ie 1,000 
100 
» MRAL2327-6 4 


Ty, JUNCTION TEMPERATURE (°C) 


Figure 10. MTTF Factor versus Junction Temperature 


MRAL2327-12 
Pa Hee 


Figure 9. Circuit Boards 
(Not to scale.) 


Board material — 0.018” dielectric thickness Teflon fiberglass 
* Ground through to back side of board 

C1, C3 — 100 pF porcelain ceramic chip 

C4 — 0.1 uF ceramic chip 

C5 — 50 uF, 50 V electrolytic: 

RFC1 — 5 turns #22 AWG, ~0.125 dia. 
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MRF134 


The RF TMOS Line 


5.0 W 2.0-400 MHz 


_ .N-CHANNEL ENHANCEMENT-MODE 
TMOS RF POWER FIELD-EFFECT TRANSISTOR 


... designed for wideband large-signal amplifier and oscillator 
applications in the 2.0 to 400 MHz range. 


@ Guaranteed 28 Volt, 150 MHz Performance | 


Output Power = 5.0 Watts 
Minimum Gain = 11 dB. 
Efficiency — 55% (Typical) 


@ Small-Signal and Large-Signal Characterization 
@ Typical Performance at 400 MHz, 28 Vdc, 5.0 W 
Output = 10.6 dB Gain . 


@ 100% Tested For Load Mismatch At All Phase Angles With 
30:1 VSWR CF 


@ Low Noise Figure — 2.0 dB (Typ) at 200 mA,.150 MHz | 
@ Excellent Thermal Stability, Ideally Suited For Class A Operation 


N-CHANNEL TMOS 
_ BROADBAND RF POWER 


FET 


D 


STYLE 2: 
PIN 1. SOURCE 
2. GATE 
3. SOURCE 
4, DRAIN 


[ating «Symbol [Vetus [une 
Drain — Source Voltage — Vpss 
V 


p65 [vee 

Drain — Gate Voltage VDGR dc 
(Rgs= 1.0 MQ) . . 

[=a [ve 

Cc 


H 
NOTES: 
1. DIMENSIONING AND TOLERANCING PER 


ANSI Y14.5M, 1982. 
2. CONTROLLING DIMENSION: INCH. 


Gate — Source Voltage : VG6s +40 
pos | Ae | 


Total Device Dissipation @ Tc = 25°C 17.5 Watts 
Derate above 25°C 0.10 w/°c 


Storage Temperature Range -65 to +150 


MILLIMETERS 
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| Handling and Packaging — MOS devices are susceptible to. damage from electrostatic charge. 
Reasonable precautions in handling and packaging MOS devices should be observed. 
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CASE 211-07 
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MRF134 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 


a a 


OFF CHARACTERISTICS | 


| Drain-Source Breakdown Voltage 
(VGs = 0, Ip = 5.0 mA) 


Zero Gate Voltage Drain Current 


(Vps = 28 V, Ves = 0) 


Gate-Source Leakage Current 
(Ves = 20 V, Vps= 0) 


ON CHARACTERISTICS | | | 
| Gate Threshold Voltage ; VGSith) 3.5 
(Ip = 10 mA, Vps= 10.V) 
Forward Transconducta nce Ofs 
(Vos = 10 V, Ip = 100 mA) 
DYNAMIC CHARACTERISTICS 


Input Capacitance 
(Vps = 28 V, VcGs = 0, f = 1.0 MHz) , 


Output Capacitance 
(Vos = 28 V, Ves = 0, f = 1.0 MHz) 


Reverse Transfer Capacitance 
(Vos = 28 V, Ves = 0, f = 1.0 MHz) 


FUNCTIONAL CHARACTERISTICS 


| Noise Figure 
(Vps = 28 Vdc, Ip = 200 mA, f = 150 MHz) 


Common Source Power Gain 
(Vpp = 28 Vdc, pout 20, f = 150 MHz (Fig. 1) 
Ipaq = 50 mA) 7 f = 400 MHz (Fig. 14) 
Drain Efficiency (Fig. 1) 
(Vpp = 28 Vdc, Poyt = 5.0 W, f = 150 MHz, ines 50 mA) 


Electrical Ruggedness (Fig. 1) be. No Degradation in Output Power | 
‘(Vpp = 28 Vdc, Pout = 5.0 W, f = 150 MHz, Ipq = 50 mA, . yo 
VSWR 30:1 at all Phase Angles) 


FIGURE 1 — 150 MHz TEST CIRCUIT 


+ Vpp=28V 
RF Output 
RF Input 
. *Bias Adjust 1. 

C1, C4 — Arco 406, 15-115 pF L3 — 20 Turns, #20 AWG Enamel Wound on R5 

C2 — Arco 403, 3-35 pF L4 — Ferroxcube VK-200 — 19/4B 

C3 — Arco 402, 1.5-20 pF R1 — 68 2, 1.0 W Thin Film 

C5, C6, C7, C8, C12 — 0.1 uF Erie Redcap R2-— 10k, 1/4 W 

C9 — 10 uF, 50 V R3 — 10 Turns, 10k Beckman Instruments 8108 

Ci0, C11 — 680 pF Feedthru ~ R4—1.8k0, 1/2 W 

D1 — 1N5925A Motorola Zener R5 — 1.0 MQ, 2.0 W Carbon 

L1 — 3. Turns, 0.310” ID, #18 AWG Enamel, 0.2” Long Board — G10, 62 mils | 


L2— 3-1/2 Turns, 0.310” ID, #18 AWG Enamel, 0.25” Long 
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FIGURE 2 — OUTPUT POWER versus INPUT POWER 


FIGURE.3 — OUTPUT POWER versus INPUT POWER 
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FIGURE 9 — DRAIN CURRENT versus GATE VOLTAGE 
FIGURE 8 — OUTPUT POWER versus GATE VOLTAGE _ (TRANSFER CHARACTERISTICS) 
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Cc. 21 Z2 
RFinput>4E{ te 


C2 


Ci, C6 — 270 pF, ATC 100 mils 

C2, C3, C4, C5 — 0-20 pF Johanson 
C7, C9, C10, C14 — 0.1 uF Erie Redc 
C8 — 0.001 uF 

C11— 10 nF, 50V 

C12, C13 — 680 pF Feedthru 

D1 — 1N5925A Motorola Zener 


Li — 6 Turns, 1/4” ID, #20 AWG Enamel 


L2 — Ferroxcube VK-200 — 19/4B 
R1 — 68 0, 1.0 W Thin Film 


FIGURE 14 — 400 MHz TEST CIRCUIT 


Vpp= 28 V 
C14 
Z5 cé6 
a oe RF Output 
C4 c5 


Z3 
in 


* Bias Adjust 


R2 — 10 kQ, 1/4 W 

R3 — 10 Turns, 10k Beckman Instruments 8108 
R4 — 1.8k, 1/2 W 

Z1 — 1.4” x 0.166” Microstrip 

Z2 — 1.1” x 0.166” Microstrip 

Z3 — 0.95” x 0.166” Microstrip 

24 — 2.2” x 0.166” Microstrip 

Z5 — 0.85” x 0.166” Microstrip 

Board — Glass Teflon, 62 mils 


ap, 50 V 


FIGURE 15 — LARGE-SIGNAL SERIES EQUIVALENT 
INPUT/OUTPUT IMPEDANCES, Zint. ZOL* 
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FIGURE 16 — COMMON SOURCE SCATTERING PARAMETERS 
Vps = 28 V. Ip = 100 mA 
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[~ig07 | 0751 | -97 | 8.903__| 108 | 0132 | 2a io. 
“228 “10a | 8.334 | 100 [0.136 | 20 107 
276 16 114 
Ee 
325 | 0668 | -120 | 3978 | 86 | o1az_| 12 “120 
375 | 0662 | -125 | 3519 | 0 | o143 | 90 | o7es | 123 
[400 [0.654 | 197 | 3328 | 77_| 0142 [80 | 0772 | -124 | 
425 
/a50 | 0638 | -131 | 3048 [72 | o1ai_| 60 | 0783 
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The Power RF characterization data were measured with a 68 ohm resistor shunting the MRF 134 input port. The scattering parameters 
were measured on the MRF 134 device alone with no external components. 
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FIGURE 17 — $44, INPUT REFLECTION COEFFICIENT FIGURE 18 — S12, REVERSE TRANSMISSION COEFFICIENT 
versus FREQ CY _ versus FREQUENCY . _ ee Se 


-- Vpg=28V0 Ip=100mA 7 — Vps=28V Ip=100mA 


FIGURE 19 — S91, FORWARD TRANSMISSION COEFFICIENT ‘FIGURE 20 — S29, OUTPUT REFLECTION COEFFICIENT 
| -- versus U re ersus FREQUENCY. a 
-Vpsg=28V Ip=100mA_ ... . nae Vos = 28 V Ip = 100 mA: 


“MOTOROLA RF DEVICE DATA 
2-365 


MRF134 


DESIGN CONSIDERATIONS 

The MRF134 is a TMOS RF power N-Channel enhance- 
ment mode field-effect transistor (FET) designed especially 
for VHF power amplifier and oscillator applications. 
Motorola TMOS FETs feature a vertical structure with a 
planar design, thus avoiding the processing difficulties 
associated with V-groove vertical power FETs. 

Motorola Application Note AN-211A, FETs in Theory and 
Practice, is suggested reading for those not familiar with 
the construction and characteristics of FETs. 

The major. advantages of TMOS RF power FETs include 
high gain, low noise, simple bias systems, relative immun- 
ity from thermal runaway, and the ability to withstand 
severely mismatched loads without suffering damage. 
Power output can be varied over a wide range with a low 
power dc control signal, thus facilitating manual gain 
control, ALC and modulation. 


DC BIAS 

The MRF 134 is an enhancement mode FET and, there- 
fore, does not conduct when drain voltage is applied. 
Drain current flows when a positive voltage is applied to 
the gate. See Figure 9 for a typical plot of drain current 
versus gate voltage. RF power FETs require forward bias 
for optimum performance. The value of quiescent drain 
current (IpqQ) is not critical for many applications. The 
-MRF134 was characterized at l1pQ = 50 mA, which isthe 
suggested minimum value of Ipo. For special applications 
such as linear amplification, IpQ may have to be selected 
to optimize the critical parameters. 

The gate is a dc open circuit and draws no Current. 
Therefore, the gate bias circuit may generally be just a 
simple resistive divider network. Some special applica- 
tions may require a more elaborate bias system. 


GAIN CONTROL | 

Power output of the MRF134 may be controlled from its 
rated value down to zero (negative gain) by varying the dc 
gate voltage. This feature facilitates the design of manual 
gain control, AGC/ALC, and modulation systems. (See 
Figure 8.) 


AMPLIFIER DESIGN 

Impedance matching networks ainilae to those used 
with bipolar VHF transistors are suitable for MRF134. See 
Motorola Application Note AN-721, Impedance Matching 
Networks Applied to RF Power Transistors. The higher 
input impedance of TMOS FETs helps ease the task of 
broadband network design. Both small signal scatter- 
ing parameters and large signal impedances are provided. 
While the s-parameters will not produce an exact design 
solution for high power operation, they do yield a good 
first approximation. This is an } additional advantage of 
TMOS power FETs. 

RF power FETs are triode devices and, therefore, not 
unilateral. This, coupled with the very high gain of the 
MRF134, yields a device capable of self oscillation. 
Stability may be achieved by techniques such as drain 
loading, input shunt resistive loading, or output to input 
feedback. The MRF134 was characterized with a 68-ohm 
input shunt loading resistor. Two port parameter stability 


analysis with the MRF 134 s-parameters.provides a useful 


tool for selection of loading or feedback circuitry to assure 
stable operation. See Motorola Application Note AN-215A 
for a discussion of two port network theory and stability. 

Input resistive loading is not feasible in low noise 
applications. The MRF134 noise figure data was gener- 
ated in a circuit with drain. loading and a low loss input 
network. . 


FIGURE 21 — 150 MHz TEST CIRCUIT 
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MOTOROLA | 
f SEMICONDUCTOR | 
TECHNICAL DATA | 


_MRF136_ 
_ MRF136Y_ 


The RF TMOS Line a | > 3 
RF Power Field-Effect Transistors 
N-Channel Enhancement-Mode TMOS| 


~ 15 W, 30 W 2-400 MHz 
- N-CHANNEL 
~ TMOS BROADBAND | 
_. RF POWER FETs 


sea designed for wideband large-signal amplifier and oscillator applications in the 2 to _ 
400 MHz range, in either single ended or push-pull configuration. 


® Guaranteed 28 Volt, 150 MHz Performance 


MRF136_— _ MRF136Y 
Output Power = 15 Watts Output Power = 30 Watts 
Narrowband Gain = 16 dB (Typ) Broadband Gain = 14 dB (Typ) 
Efficiency = 60% (Typical) Efficiency = 54% (Typical) 

@ Small-Signal and Large-Signal ; ae 


Characterization _ | 
® 100% Tested For Load 
Mismatch At All Phase. . 
Angles With 30:1 VSWR MRF 136 
® Space Saving Package. For > 3 DO. 
-Push-Pull Circuit. 
Applications — MRF136Y 
@ Excellent Thermal Stability, 
Ideally Suited For Class A 
Operation _ 
@ Facilitates Manual Gain 
Control, ALC and 
Modulation Techniques 


2. MRF136 _ 
- CASE 211-07 


-  MRF136Y 
_ CASE 319B-01 


MAXIMUM RATINGS 


Drain-Source Voltage | Vpss 65 o. 


Drain-Gate Voltage (RGs = 1MQ) © 


Drain-Current — Continuous | 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


Storage Temperatu re Range 


Handling and Packaging — MOS devices are susceptible to damage from electrostatic charge. Reasonable precautions in handling and packaging MOS 
devices should be observed. 
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ELECTRICAL CHARACTERISTICS ues = 25°C unless otherwise noted) 


ee oe | 


OFF CHARACTERISTICS (NOTE 1) 


Drain-Source Breakdown Voltage V(BR)DSS Vdc 
(Ves = 0, Ip = 5 mA) by 


(Vps = 28 V, Veg = 0) 


Gate-Source Leakage Current “te pAdc 
(VGs = 40 V, Vps = 0) | . 


ON CHARACTERISTICS (NOTE 1) 
Gate Threshold Voltage | V@sith) 
(Vps = 10 V, Ip = 25 mA) : 
Forward Transconductance mmhos |” 
(Vps = 10 V, Ip = 250 mA) 
DYNAMIC CHARACTERISTICS (NOTE. 1) 
input Capacitance | 
(Vps = 28 V, Ves = 0, f = 1 MHz) 


Output Capacitance | : 
(Vps = 28 V, Ves = 0, f = 1 MHz) 


Reverse Transfer Capacitance . 
(Vps = 28 V, Ves = 0, f = 1 MHz) 


FUNCTIONAL CHARACTERISTICS (NOTE 2) 


Noise Figure | . MRF136 
(Vps = 28 Vdc, Ip = 500 mA, f = 150 MHz) 


Common Source Power Gain (Figure 1) MRF136 
(Vpp = 28 Vdc, Pout = 15 W, f = 150 MHz, Iba = = 25 mA) 


Common Source Power Gain (Figure 2) . _ MRF136Y 
(Vpp = 28 Vdc, Pout = 30-W, f = 150 MHz, Ipq = 100 mA) 


Drain Efficiency (Figure 1) | . MRF136 
(Vpp = 28 Vdc, Pout = 15 W, f = 150 MHz, Ipq = 25 mA) 


Drain Efficiency (Figure 2) MRF136Y 
(Vpp = 28 Vde, Poyt = 30 W, f = 150. MHz, Ipq = 100 mA) 


Electrical Ruggedness (Figure 1). MRF136 
(Vpp = 28 Vde,:Poyt = 15 W, f = 150 MHz, Ipg = 25 mA, 
VSWR 30:1 at ail Phase Angles) | | 

Electrical Ruggedness (Figure 2) MRF136Y 


(Vpp = 28 Vdc, Pout = 30 W, f = 150 MHz, IDO = = 100 mA, 
VSWR 30:1 at all Phase Angles) | 


Notes: 1. For MRF136Y, each side measured separately. 
2. For MRF136Y measured in push-pull configuration. 
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R4 


BIAS 
ADJUST 


RF INPUT 


if 


C1, C2 — Arco 406, 15-115 pF or Equivalent 
C3 — Arco 404, 8-60 pF or Equivalent 

C4 — 43 pF.Mini-Unelco or Equivalent 

C5 — 24 pF Mini-Unelco or Equivalent 

C6 — 680 pF, 100 Mils Chip 

C7 — 0.01 uF Ceramic 

C8 — 100 uF, 40 V 

C9 — 0.1 wF Ceramic 

C10, C11 — 680 pF Feedthru 

D1 — 1N5925A Motorola Zener 


RFC2 


C ee 


Vpp = +28V 


ria, RF OUTPUT 
cP 


L1 — 2 Turns, 0.29” ID, #18 AWG, 0.10” Long 

L2 — 2 Turns, 0.23” ID, #18 AWG, 0.10” Long 

L3 — 2-1/4 Turns, 0.29” ID, #18 AWG, 0.125” Long 

RFC1 — 20 Turns, 0.30” ID, #20 AWG Enamel Closewound: 
RFC2 — Ferroxcube VK-200 — 19/4B 

R1 — 27 0, 1 W Thin Film 

R2 — 10 kQ, 1/4 .W 

R3 — 10 Turns, 10 kN 

R4 — 1.8 kQO, 1/2 W 

Board Material — 0.062” G10, 1 oz. Cu Clad, Double Sided 


Figure 1. 150 MHz Test Circuit (MRF136) 


RF INPUT 


C1 — 5 pF 

C2, C3, C4, C6, C7, C9, C11 — 0.1 uF Ceramic 
C5, C8 — 680 pF Feedthru 

C10 — 15 pF 

D1 — 1N4740 Motorola Zener 

RFC1 — 17 Turns, #24 AWG Wound on R5 
RFC2 — Ferroxcube VK-200-19/4B or Equivalent 
R1 — 10 kQ, 1/4 W 

R2, R3 — 560 0, 1/2 W 

R4 — 10 Turns, 10 kQ 


Vpp = +28V 


RF OUTPUT 


R5 — 56 kQ, 1 W 
R6 — 1.6 kQ, 1/4 W 
T1 — Primary Winding — 3 Turns #28 Enameled Wire. 
— Secondary Winding — 2 Turns #28 Enameled Wire. 
Both windings wound through a Fair/Rite Balun 65 core. 
Part #2865002402. 


T2 — 1:1 Transformer Wound Bifilar — 2 Turns Twisted Pair 
#24 Enameled Wire through a Indiana General Balun Q1 
core. Part #18006-1-01. Primary winding center tapped. 

Board Material — 0.062” G10, 1 oz. Cu Clad, Double Sided 


Figure 2. 30~150 MHz Test Circuit (MRF136Y) 
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MRF136 
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Figure 4. Output Power versus Input Power 


Figure 3. Output Power versus Input Power 
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Figure 6. Output Power versus Supply Voltage 


Figure 5. Output Power versus Input Power 
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Figure 7. Output Power versus Supply Voitage 


Figure 8. Output Power versus Supply Voltage 
f = 200 MHz 


150 MHz 
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CONSTANT 
= 3V 


| TYPICAL DEVICE 
SHOWN, V@sith) 


IDQ = 25 mA 


Pin 


(SLIVM) Y3MOd LAdLNO 2°9q 


Vg, GATE-SOURCE VOLTAGE (VOLTS) 


Vpp: SUPPLY VOLTAGE (VOLTS): 


Figure 10. Output Power versus Gate Voltage 
- MRF136 


Figure 9. Output Power versus Supply Voltage 
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Figure 12. Gate-Source Voltage versus 


Figure 11. Drain Current versus Gate Voltage 
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Figure 14. DC Safe Operating Area 


Figure 13. Capacitance versus Drain-Source Voitage* 


MRF 136/MRF136Y 


MRF136/MRF136Y 
*Data shown applies to MRF136 and each half of MRF136Y. 
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_ 7, EFFICIENCY (%} 


Pout, OUTPUT POWER (WATTS) 


MRF136Y 


TYPICAL PERFORMANCE IN BROADBAND TEST CIRCUIT 
| (Refer to Figure 2) 


Pout, OUTPUT POWER (WATTS) 


05 1 5 2 
Pin, INPUT POWER (WATTS) 


Figure 15. Output Power versus Input Power 


~~ | 
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Figure 17. Drain Efficiency versus Frequency 
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Figure 19. Output Power versus Input Power 
f = 400 MHz 
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POWER GAIN (dB) 


Poyt, OUTPUT POWER (WATTS) 


- f, FREQUENCY (MHz) 


Figure 16. Power Gain versus Frequency 
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Figure 18. Output Power versus Gate Voltage 
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Figure 20. Output Power versus Gate Voitage 
f = 400 MHz 
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Figure 21. Large-Signal Series Equivalent Figure 22. Large-Signal Series Equivalent 


input Impedance, Zjnt 
MRF136 


Output Impedance, Zo, * 
MRF136 


Pout = 30 W | SY 
Zin Zol* 

5 | MHz | OHMS OHMS 

| 30 59.3 — j24 40.1 — j8.52 

50 | 48 — j335 | 37 — j119° 

+} 100 20.5 — j34.2 | 29 — j165 . 

H| 150 | 477 — j254 | 20.6 — j19 

x) 225 | 3 — j95 13 — j167 | \ 

400 2.34 — [331]. 10.2 — j143 |. 


“5 Feedback loops: 560 ohms in series with 0.1 pF cent 

; Drain to gate, each side of push-pull FET . 
‘*ZOL = Conjugate of the optimum load imped- 
7 \. \ 17" ance into which the device operates at a given = 
Rene output power, voltage, and frequency. 
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Figure 23. Input and Output Impedance 
MRF136Y 
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Figure 24. Common Source Scattering Parameters 
Vos = 28 V, lp = 0.5A — 
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MRF136 
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Figure 26. S12, Reverse Transmission Coefficient 


Figure 25. S74, Input Reflection Coefficient 
. versus Frequency versus Frequency 
Vps = 28V Ip =0.5A Vps = 28V Ip =05A 


SxS ae 


Figure 27. S21, Forward Transmission Coefficient Figure 28. S29, Output Reflection Coefficient 
versus Frequency versus Frequency 
Vos = 28V Ip =05A Vps = 28V Ip =05A 
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DESIGN CONSIDERATIONS 


The MRF136 and MRF136Y are TMOS RF power N- 
Channel enhancement mode field-effect transistors 
(FETs) designed especially for HF and VHF power am- 
plifier applications. Motorola TMOS FETs feature planar 
design for optimum manufacturability. 

Motorola Application Note AN211A, FETs in Theory 
and Practice, is suggested reading for those not familiar 
with the construction and characteristics of FETs. 

The major advantages of TMOS RF power FETs include 
high gain, low noise, simple bias systems, relative im- 
munity from thermal runaway, and the ability to with- 
stand severely mismatched loads without suffering dam- 
age. Power output can be varied over a wide range with 
a low power dc control signal, thus facilitating manual 
gain control, ALC and modulation. 


DC BIAS 


The MRF136 and MRF136Y are enhancement mode 
FETs and, therefore, do not conduct when drain voltage 
is applied without gate bias. A positive gate voltage 
causes drain current to flow (see Figure 11). RF power 
FETs require forward bias for optimum gain and power 
output. A Class AB condition with quiescent drain current 
(Ipq) in the 25-100 mA range is sufficient for many ap- 
plications. For special requirements such as linear am- 
plification, IpQq may have to be adjusted to optimize the 
critical parameters. 

The MOS gate is a dc open circuit. Since the gate bias 
circuit does not have to deliver any current to the FET, a 
simple resistive divider arrangement may sometimes 
suffice for this function. Special applications may require 
more elaborate gate bias systems. 


GAIN CONTROL 


Power output of the MRF136 and MRF136Y may be 
controlled from rated values down to the milliwatt region 
(>20 dB reduction in power output with constant input 
power) by varying the dc gate voltage. This feature, not 
available in bipolar RF power devices, facilitates the in- 
corporation of manual gain control, AGC/ALC, and mod- 


Figure 29. MRF136 
Test Circuit 


ulation schemes into system designs. A full range of 
power output control may require dc gate voltage ex- 
cursions into the negative region. 


AMPLIFIER DESIGN | 


Impedance matching networks similar to those used 
with bipolar transistors are suitable for the MRF136 and 
MRF136Y. See Motorola Application Note AN721, Ilmped- 
ance Matching Networks Applied to RF Power Transis- 
tors. Both small signal scattering parameters (MRF136 
only) and large signal impedance parameters are pro- 
vided. Large signal impedances should be used for net- 
work designs wherever possible. While the s parameters 
will not produce an exact design solution for high power 
operation, they do yield a good first approximation. This 
is particularly useful at frequencies outside those pre- 
sented in the large signal impedance plots. 

RF power FETs are triode devices and are therefore not 
unilateral. This, coupled with their very high gain, yields 
a device capable of self oscillation. Stability may be 
achieved using techniques such as drain loading, input 
shunt resistive loading, or feedback. S parameter stability 
analysis can provide useful information in the selection 
of loading and/or feedback to insure stable operation. The 
MRF136 was characterized with a 27 ohm input shunt 
loading resistor, while the MRF136Y was characterized 
with a resistive feedback loop around each of its two 
active devices. 

For further discussion of RF amplifier stability and the 
use of two port parameters in RF amplifier design, see 
Motorola Application Note AN215A on page 6-204 in the 
RF Device Data (DL110 Rev 1). 


LOW NOISE OPERATION 


Input resistive loading will degrade noise performance, 
and noise figure may vary significantly with gate driving 
impedance. A low loss input matching network with its 
gate impedance optimized for lowest noise is 
recommended. 
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m= SEMICONDUCTOR 
TECHNICAL DATA 2 7 


‘the 2.0 to 400 MHz range. 


‘Output Power = 30 Watts 
“Minimum Gain=13dB . 
Efficiency = 60% (Typical) 


Output = 7.7 dB Gain 


with 30:1 VSWR 


Drain-Gate Voltage 
(RGs = 1.0 MQ) 


Drain Current — Continuous 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


. N-CHANNEL ENHANCEMENT-MODE | 
_. TMOS RF POWER FIELD-EFFECT TRANSISTOR 


“4 : . designed for wideband large-signal output and driver stages in 


® Guaranteed 28 Volt, 150 MHz Performance | 


® Small-Signal and Large-Signal Characterization 
@ Typical Performance at 400 MHz, 28 Vdc, 30 W 


@ 100% Tested for Load Mismatch at All Phase Angles 


@ Low Noise Figure —.1.5 dB (Typ) at 1.0 A, 150 MHz | 
® Excellent Thermal Stability, Ideally Suited for Class A Operation 
@ Facilitates Manual Gain Control, ALC and Modulation Techniques 


Storage Temperature Range -~65 to +150 


Handling and Packaging — MOS devices are susceptible to damage from electrostatic charge. 
| Reasonable precautions in handling and packaging MOS devices should be observed. 


[50 [Ade 
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— MRFL37 


30W 2.0-400MHz 


N-CHANNELTMOS 
BROADBAND RF POWER 


FET 


STYLEZ; 

PIN 1. SOURCE 
2. GATE 

"3. SOURCE 
4, DRAIN 


“1, DIMENSIONING AND TOLERANCING PER 
- ANSI Y14.5M, 1982. 
2. CONTROLLING DIMENSION: INCH. - 


0.720: |. 0.730. }° 


CASE 211-07 


MRF137_ 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 


[Character «Sveti [Min We Mex (Ct 


OFF CHARACTERISTICS 


Drain-Source Breakdown Voltage a 
(V6s=90,Ip=1O0mA) . 

Zero Gate Voltage Drain Current 

(Vps = 28 V, Vgs = 0) 


oe tae 


Gate-Source Leakage Current 
(Ves = 20 V, Vps= 0) 


ON CHARACTERISTICS | | rr oe ? | | 
Gate Threshold Voltage — ) Vesithy haa tae 


(Vps = 10 V, Ip = 25 mA) 


Forward Transconductance ; 
(Vos = 10 V, Ip = 500 mA) _ 


DYNAMIC CHARACTERISTICS 


Input Capacitance erie 
(Vps = 28 V, Vas = 0, f= 1.0 MHz) 


Output Capacitance 
(Vps = 28 V, Ves = O, f = 1.0 MHz) 


FUNCTIONAL CHARACTERISTICS 
Noise Figure | 
(Vps = 28 Vde, Ip = 1.0 A, f= 150 MHz) 


Common Source Power Gain or 
(Vpp = 28 Vdc, Pout = 30 W, f= 150 MHz (Figure 1) 
Ipo=25mA), f= 400 MHz (Figure 14) 


Reverse Transfer Capacitance Crss 
(Vps = 28 V, Vgs= 0, {= 1.0 MHz) ; 


Drain Efficiency (Figure 1) : 
(Vpp = 28 Vdc, Pout = 30 W, f = 150 MHz, Ipqg = 25 mA) AE Os 
Electrical Ruggedness (Figure 1) e, 2 No Degradation in Output Power 
“(Vpp = 28 Vde, Pout = 30 W, f = 150 MHz, Ipg = 25 mA, : ote, eel | 
VSWR 30:1 at All Phase Angles) 


FIGURE 1 — 150 MHz TEST CIRCUIT 


RFC2 


R4 C10 


Bias - 


+ Vpp=28V 
Adjust _-: 


RF 
Output 


C1 — Arco 406, 15-115 pF, or equivalent L1 — 2 Turns, 0.29” ID, #18 AWG Enamel, Closewound 


C2 — Arco 403, 3.0-35 pF, or equivalent _ £2— 1% Turns, 0.2” ID, #18 AWG Enamel, Closewound 

C3 — 56 pF Mini-Unleco, or equivalent L3 — 2 Turns,.0.2” ID, #18 AWG Enamel, Closewound 

C4 — Arco 404, 8.0-60 pF, or equivalent 2 3 * RFC1 — 20 Turns, 0.30” ID, #20 AWG Enamel, Closewound 
C5 — 680 pF, 100 Mils Chip : RFC2 —.Ferroxcube VK-200 —19/4B 

C6 — 0.01 pF, 100 V, Disc Ceramic RT 10K0, % W Thin Film | 

C7 — 100 pF, 40 V : ~~ R2—10kN, %W 

C8 — 0.1 uF, 50 V, Disc Ceramic R3 — 10 Turns, 10k 

C9, C10 — 680 pF Feedthru R4— 18k, %W 

D1 — 1N5925A Motorola Zener Board — G10, 62 Mils © 
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-FIGURE 3 — OUTPUT POWER versus INPUT POWER 


OUTPUT POWER versus INPUT POWER : 


FIGURE 2 — 
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_ FIGURE 5 — OUTPUT POWER 
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FIGURE 4 — OUTPUT POWER versus INPUT POWER ~ 
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FIGURE mec saatd POWER versus SUPPLY VOLTAGE 


FIGURE 6 — OUTPUT 
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MRF137 


hown, Vgs(th) = 3. 


Pin = Constant ma 
3.0 V 


Typical Device 


FIGURE 9 — OUTPUT POWER versus. GATE VOLTAGE 
T 
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FIGURE 8 — OUTPUT POWER versus SUPPLY VOLTAGE 
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- FIGURE 10 — DRAIN CURRENT versus GATE VOLTAGE 


_.. FIGURE 11 — GATE SOURCE VOLTAGE versus 


CASE TEMPERATURE 


(TRANSFER CHARACTERISTICS) 


Tc, CASE TEMPERATURE (°C) 
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FIGURE 12 — CAPACITANCE versus | 
DRAIN-SOURCE VOLTAGE 


FIGURE 13 — DC SAFE OPERATING AREA. 
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FIGURE 14 — 400 MHz TEST CIRCUIT 


RFC2 


. C10 C11 C12 C13 


Adjust 


Vpp= 28 V 


c8 RE 
Output 
alt 
C1, C2, C3, C4 — 0-20 pF Johanson, or equivalent R4 — 1.8k0, % WwW 
C5, C8 — 270 pF, 100 Mil Chip Z1 — 2.9” x 0.166” Microstrip 
C6, C7 — 24 pF Mini-Unleco, or equivalent 22, 24 — 0.35" x 0.166” Microstrip 
C9 — 0.01 uF, 100 V, Disc Ceramic 23 — 0.40” x 0.166” Microstrip 
C10 — 100 pF, 40 V 25 — 1.05” x 0.166” Microstrip 
C11 — 0.1 uF, 50 V, Disc Ceramic Z6 — 1.9” x 0.166” Microstrip 
C12, C13 — 680 pF Feedthru RFC1 — 6 Turns, 0.300” ID, #20 AWG Enamel, Closewound 
D1 — 1N5925A Motorola Zener RFC2 — Ferroxcube VK-200 — 19/4B 
R1,R2— 10 kQN, %4 W Board — Glass Teflon, 62 Mils 


R3 — 10 Turns, 10 kn 


FIGURE 15 — LARGE-SIGNAL SERIES EQUIVALENT INPUT AND OUTPUT IMPEDANCE, Z;,, ZOL* 
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FIGURE 16 — COMMON SOURCE SCATTERING PARAMETERS 
50 9 SYSTEM 
Vps = 28 V. Ip = 0.75 A 
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FIGURE 17 — S44, INPUT REFLECTION COEFFICIENT FIGURE 18 — S42, REVERSE TRANSMISSION COEFFICIENT 
versus FREQUENCY eR . _ versus FREQUENCY | — 


Vps=28V Ip=0.75A 4 —— Vps=28V Ip=0.75A | 


FIGURE 19 — Sp1, FORWARD TRANSMISSION COEFFICIENT FIGURE 20 — S29, OUTPUT REFLECTION COEFFICIENT 
: . ‘versus FREQUENCY . aoe 
Vps=28V Ip=0.75A 


versus FREQUENCY 
Vos =28V Ip=0.75 A 
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DESIGN CONSIDERATIONS 

~The MRF137 is a TMOS RF power N-Channel enhance- 
ment mode field-effect transistor (FET)designed especial- 
ly for VHF power amplifier applications. Motorola TMOS 
FETs feature a vertical structure with a planar design, 
thus avoiding the processing difficulties associated with 
V-groove vertical power FETs. 

Motorola Application Note AN-211A, FETs in Theory and 
Practice, is suggested reading for those not familiar with 
the construction and characteristics of FETs. 

The major advantages of TMOS RF power FETs include 
high gain, low noise, simple bias systems, relative immu- 

nity from thermal runaway, and the ability to withstand 
severely mismatched loads without suffering damage. 
Power output can be varied over a wide range with a low 
power dc control signal, thus facilitating manual gain 
control, ALC and modulation. 


DC BIAS . 

The MRF137 is an enhancement mode FET and, there- 
fore, does not conduct when drain voltage is applied. 
Drain current flows when a positive voltage is applied to 
the gate. See Figure 10 for a typical plot of drain current 
versus gate voltage. RF power FETs require forward bias 
for optimum performance. The value of quiescent drain 
current (Ipq) is not critical for many applications. The 
MRF137 was characterized at |1pQ= 25 mA, which is the 
suggested minimum value of Ipq. For special applications 
such as linear amplification, [pq may have to be selected 
to optimize the critical parameters. . 

The gate is a dc open circuit and draws No current. 
Therefore, the gate bias circuit may generally be just a 


simple resistive divider network. Some special applica- 
tions may require a more elaborate bias system. 


GAIN CONTROL 

Power output of the MRF137 may be controlled from its 
rated value down to zero (negative gain) by varying the dc 
gate voltage. This feature facilitates the design of manual 
gain control, AGC/ALC, and modulation systems. (See 
Figure 9.) 


AMPLIFIER DESIGN 

Impedance matching networks similar to those used 
with bipolar VHF transistors are suitable for MRF137. See 
Motorola Application Note AN-721, Impedance Matching 
Networks Applied to RF Power Transistors. The higher 
input impedance of TMOS FETs helps ease the task of 
broadband network design. Both small signal scatter- 
ing parameters and large signal impedances are provided. 
While the s-parameters will not produce an exact design 
solution for high power operation, they do yield a good 
first approximation. This is an additional advantage of 
TMOS power FETs. 

RF power FETs are triode devices and, therefore, not - 
unilateral. This, coupled with the very high gain of the 
MRF137, yields a device capable of self oscillation. 
Stability may be achieved by techniques such as drain 
loading, input shunt resistive loading, or output to input 
feedback. Two port parameter stability analysis with the 
MRF 137 s-parameters provides a useful tool for selection 


of loading or feedback circuitry to assure stable operation. 


See Motorola Application Note AN-215A for a discussion 
of two port network theory and stability. 


' FIGURE 21 — 150 MHz TEST CIRCUIT 
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MOTOROLA 


2 SEMICONDUCTOR a= 
TECHNICAL DATA 


‘MRF138 


30W 2.0-175MHz - 


N-CHANNEL TMOS 
LINEAR RF POWER 


FET 


N-CHANNEL ENHANCEMENT-MODE | 
-TMOS RF POWER FIELD-EFFECT TRANSISTOR 


... designed for power amplifier applications in industrial, com mer- 
cial and amateur radio equipment to 175 MHz. . 


@ Superior High Order IMD. 
@ Specified 28 Volts, 30 MHz Characteristics 


Output Power = 30 Watts | 
Power Gain = 17 dB (Typ) 
Efficiency = 40% (Typ) 


@ IMD(q3) (30 W PEP) = -30 dB (Typ) 
@ IMDid11) (30 W PEP) = -60 dB (Typ) 


@ 100% Tested For Load Mismatch At All Phase Angles With 
30:1 VSWR 


STYLE 2: 
PIN 1. SOURCE 
-2, GATE 
3. SOURCE 
4. DRAIN 


MAXIMUM RATINGS 


Symbol 
Drain-Source Voltage Voss 


Gate-Source Voltage | Veg | 
Drain Current — Continuous | Ip 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 

Storage Temperature Range -65 to +150 

Operating Junction Temperature 


‘THERMAL CHARACTERISTICS 


: Characteristic | ~ Symbol 
Thermal Resistance, Junction to Case RgJc . 


Handling and Packaging — MOS devices are susceptible to damage from electrostatic charge. 
Reasonable precautions in handling and packaging MOS devices should be observed. 


NOTES: 
1. DIMENSIONING AND TOLERANCING PER 
ANSI Y14.5M, 1982. 
2. CONTROLLING DIMENSION: INCH. 


MILLIMETERS 


mh 
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a {SIRS oO 
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18.29 | 1854 | 0.720 | 0.730 
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ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 


Res Characteristic 


OFF CHARACTERISTICS 


| Drain-Source Breakdown Voltage 
(VGs = 0, Ip = 10 mA) 


Zero Gate Voltage Drain Current . 
(Vos = 28 V, Ves = 0) 


Gate-Source Leakage Current 
(Vgs = 20 V, Vps = 0) 


ON CHARACTERISTICS 
Gate Threshold Voltage VGSith). 
| (Vpg = 10 V, Ip = 10 mA) 
| Drain-Source On-Voltage . VDSion) 
(Vgg = 10 V, Ip=2.5A) me | 


FUNCTIONAL TESTS (SSB) 


, Common Source Amplifier Power Gain | 
(Vpp = 28 V, Pout = 30 W (PEP), (30 MHz) (Fig. 1) 
Ipq=100mA) ~~ oo (150 MHz) (Fig. 6) 
Drain Efficiency (Figure 1} AG (30 W PEP) 
(Vpp = 28 V, f = 30 MHz, Ipg = 100 mA) (30 W CW) 
Intermodulation Distortion (Figure 1) 
(Vpp = 28 V, Pout = 30 W (PEP), 
f = 30; 30.001 MHz, lpg = 100 mA) 
Load Mismatch (Figure 1) 
(Vpp = 28 V, Pout = 30 W (PEP), f = 30; 30.001 MHz, 
IpQ = 100 mA, VSWR 30:1 at all Phase Angles) 


CLASS A PERFORMANCE 


Intermodulation Distortion (1) and Power Gain 
(Vpp = 28 V, Pout = 10 W (PEP), f1 = 30 MHz, IMD(q3) 
#2 = 30.001 MHz, Ipg = 1.0 A) . IMDid9-13) 


(1) To MIL-STD-1311 Version A, Test Method 2204B, Two Tone, Reference Each Tone. 


FIGURE 1 — 2-50 MHz BROADBAND TEST CIRCUIT 


R1 D.U.T. 39 
, RF 
R3 C2 Output 
y |c10 
R2 tici2 ) | 
> C12 — Arco 406 Variable 2 
= =< R4 L1 — VK200 20/4B Ferrite Choke or Equivalent (3.0 nH 
C3 L2 — Ferrite Bead(s), 2.0 nH 


Ci, C2, C3, C4, C5, C6 — 0.1 wF Ceramic Chip or Equivalent Ri, R2 — 200 N, 1/2 W Carbon 


C7 — 10 uF, 100 V Electrolytic 
C8 — 10 pF Dipped Mica 
C9 — 68 pF Dipped Mica 


C10, C11 — 47 pF Dipped Mica 


MOTOROLA RF DEVICE DATA 


R3 — 2.2 0, 1/2 W Carbon 
R4 — 330 9, 1.0 W Carbon 
T1 — 4:1 Impedance Transformer 


. -T2 — 1:4 impedance Transformer 


MRF138 


FIGURE 2 — POWER GAIN versus FREQUENCY FIGURE 3 — OUTPUT POWER versus INPUT POWER 
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POWER GAIN (dB) 
Pout. OUTPUT POWER (WATTS) 
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{, FREQUENCY {MHz} Pin, INPUT POWER (WATTS) 
FIGURE 5 — COMMON SOURCE UNITY CURRENT 
FIGURE 4 — IMD versus Pout GAIN FREQUENCY versus DRAIN CURRENT 


IMD, INTERMODULATION DISTORTION (dB) 
fy. UNITY GAIN FREQUENCY (MHz) 


Poyt CUTPUT POWER (WATTS PEP) Ip, DRAIN CURRENT (AMPS) 


FIGURE 6 — 150 MHz TEST CIRCUIT 


Bias R2 +28 Vdc 


RF Input 


C1 — 91 pF Unelco Type MCM 01/010 L2 — 4 Turns # 18 AWG, 5/167 ID 


C2, C4 — 0.1 pF Erie Red Cap R1 = 1.0 Ohm, 1/4 W Carbon ate 

C3 — Allen Bradley 680 pF Feed Thru R2 — 2000 Ohm, 1/4 W Carbon ~ 

C5 — 1.0 pF, 50 Vdc Electrolytic RFC1 — VK200 21/4B T1 — 4:1 Impedance Ratio 
C6 — Arco 402 Varible T1 — 4:1 Transformer, 1.75” Transformer, Line 
C7 — Arco 404 Variabie Subminiature Coaxial Cable Impedance = 25 0 


L1 — 2 Turns # 18 AWG, 5/16” ID 
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FIGURE 7 — GATE VOLTAGE versus DRAIN CURRENT 
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FIGURE 8 — DC SAFE OPERATING AREA 
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FIGURE 9 — LARGE-SIGNAL SERIES EQUIVALENT 
INPUT/ OUTPUT IMPEDANCE, Z,,t. Zo,* 
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MOTOROLA RF DEVICE DATA 


18.0 ~ j10.8 
55.0 ~ j11.0 


*Zo, = Conjugate of the optimun load impedance 
into which the device output operates at 
a given output power, voltage and 

frequency. 

\s |_| Gate Shunted By 100 0 
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TMOS POWER FET CONSIDERATIONS 


MOSFET CAPACITANCES 


The physical structure of a MOSFET results in capaci- 
tors between the terminals. The metal oxide gate structure 
determines the capacitors from gate-to-drain (Cgq), and 
gate-to-source (Cgs). The PN junction formed during the 
fabrication of the TMOS FET results in a junction eek 
tance from drain-to-source (Cqs). 

These capacitances are characterized as input (Ciss) 
output (Cogs) and reverse transfer (Crss) capacitances 
on data sheets. The relationships between the inter- 
terminal capacita nces and those given on data sheets are 
shown below. The Gigg can be specified in two ways: 


1. Drain shorted to source and positive voltage at the. 


gate. 


2. Positive voltage of the drain in respect to source and 
zero volts at the gate. In the latter case the numbers 
are lower. However, neither method represents the 

actual operating conditions in RF applications. 


Source 


LINEARITY AND GAIN CHARACTERISTICS 


In addition to the typical IMD and power gain data 
presented, Figure 5 may give the designer additional 
information on the capabilities of this device. The graph 
represents the small signal unity current gain frequency 
at a given drain current level. This is equivalent to fT for 
bipolar transistors. Since this test is performed at a fast 
sweep speed, heating of the device does not occur. Thus, 
in normal use, the higher temperatures may degrade 
these characteristics to some extent. 


DRAIN CHARACTERISTICS 


One figure of merit for a FET is its static resistance in 
the full-on condition. This on-resistance, Vpsgjon), occurs ~ 
in the linear region of the output characteristic and is 
specified under specific test conditions for gate-source 
voltage and drain current. For MOSFETs, Vpsjon) has a 
positive temperature coefficient and constitutes an 
important design consideration at high temperatures 
because it contributes to the power Sean within 
the device. | 


GATE CHARACTERISTICS 


The gate of the TMOS FET i isa polysilicon naaieial and 
is electrically isolated from the source by a layer of oxide. 
The input resistance is very high — on the order of 
109 ohms — resulting in a leakage current of a few 
nanoamperes. ; 

Gate control is achieved: by applying a seats voltage 
slightly in excess of the gate-to-source threshold 
voltage, VG S\th)- 7 | 

Gate Voltage Rating — Never exceed the gate voltage 
rating. Exceeding the rated VGs can result in permanent 


_ damage to the oxide layer in the gate region. 


Gate Termination — The gates of these devices are 
essentially capacitors. Circuits that leave the gate open- 
circuited or floating should be avoided. These conditions 
can result in turn-on of. the devices due to voltage build-up 
on the input capacitor due to leakage currents or pickup. 

Gate Protection — These devices do not have an 
internal monolithic zener diode from gate- to-source. If 
gate protection is required, an external zener diode is 
recommended. 


EQUIVALENT TRANSISTOR PARAMETER TERMINOLOGY 


CONCCION cies a tee sed fish hae aeadas Drain | 


Emitter: 246i ela tire isaadas Source 
BaSO sce tana dnl ee eee Gate 
Brice ate is Se tarse ORO Rade waste HBNOES 
cf he 
VBE(On) verre c eee teen cece ences VGSi(th) 
bat eee es eee cu 
Cop Meh eG Con 
Rcg(sat) = =ofleest i aes hae epee Reema DSion)= ~D6ien 
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MOTOROLA 
= SEMICONDUCTOR suum 
TECHNICAL DATA 


‘The RF TMOS Line 


150W 2.0-150 MHz © 


-N-CHANNELTMOS. 
LINEAR RF POWER 


FET 


N-CHANNEL ENHANCEMENT-MODE 
TMOS RF POWER FIELD- EFFECT TRANSISTOR 


. designed primarily for linear large- signal output stages i in 1 the 
2- 150 MHz frequency range: 


@ Specified 28 Volts, 30 MHz Characteristics 


Output Power = 150 Watts 
Power Gain = 15 dB (Typ) 
Efficiency = 40% (Typ) 


@ Superior High Order IMD 
@ IMD(qg3) (150 W PEP) = -30 dB Typ 
@ IMD(g11) (150 W PEP) = -60 dB Typ 


@ 100% Tested For Load Mismatch At All Phase Angles With | 
30:1 VSWR 


MAXIMUM RATINGS 


Drain — Source Voltage . SEATING PLANE 
STYLE 2: 
Drain — Gate Voltage PIN 1. SOURCE 
2. GATE 


Gate — Source Voltage 3. SOURCE 


| 
Drain Current — Continuous PR 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


Handling and Packaging — MOS devices are susceptions to damage from electrostatic charge. 
Reasonable precautions in handling and packaging MOS devices should be observed. _ ff ‘CASE 211-11 
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ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) = 


| Characteristic | Symbol | tin | Tye | Max 


OFF CHARACTERISTICS 


Drain-Source Breakdown Voltage ViBR)DSS 
(VGs= 0, Ip = 100 mA) . . . 
Zero Gate Voltage Drain Current 
(Vps = 28 Vdc, Vgs = 9) 
Gate-Body Leakage Current | : 
(VGs = 20 Vde, Vps = 0) 
_ON CHARACTERISTICS aes ae 
Gate Threshold Voltage VGSith). 
(Vps = 10 V, Ip = 100 mA) <a atk 
Drain-Source On-Voltage _ | | VDS(on) 


(VGs = 10 V, Ip = 10 Adc) | 


Forward Transconductance a, 4.0 
(Vps = 10 V, Ip = 5.0 A) 


DYNAMIC CHARACTERISTICS 


Input Capacitance Ciss 
(Vps = 28 V, Ves = 0, f = 1.0 MHz) 

Output Capacitance | Coss 
(Vps = 28 V, Ves =O, f= 1.0 MHz) © 


Reverse Transfer Capacitance 
(Vps = 28 V, Ves =O, f= 1.0 MHz) 


FUNCTIONAL TESTS (SSB) 


Drain Efficiency 4 


(Vpp = 28 V, Pout = 150 W (PEP), f = 30; 30.001 MHz, 
Ip (Max) = 6.5 A) 
intermodulation Distortion (1) IMD(q3) 
(Vop = 28 V, Pout = 150 W (PEP), f1 = 30 MHz, IMDid11) 
f2 = 30.001 MHz, lpg = 250 mA) . 


Load Mismatch | 
(Vpp = 28 V, Pout = 150 W (PEP), f = 30; 30.001 MHz, 
IpQ = 250 mA, VSWR 30:1 at all Phase Angles) 


(1) To MIL-STD-1311 Version A, Test Method 2204B, Two Tone, Reference Each Tone. 


FIGURE 1 — 30 MHz TEST CIRCUIT (CLASS AB) 


RF 
Output 

C1 — 820 pF Dipped Mica | L1 — VK200/4B Ferrite Choke or Equivalent, 3.0 nH 
C2, C5, C6, C7, C8, C9 — 0.1 wF Ceramic Chip or _ L2— Ferrite Bead(s), 2.0 nH 

Monolythic with Short Leads | R1, R2 — 519/1.0 W Carbon 
C3 — Arco 469 *  s R3 — 1.0 0/1.0 W Carbon 
C4 — 560 pF Unencapsulated Mica or Dipped Mica T1 — 16:1 Broadband Transformer 

with Short Leads T2 — 1:25 Broadband Transformer 


C10 — 10 uF/100 V Electrolytic 
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FIGURE 3 — OUTPUT POWER versus INPUT POWER 


FIGURE 2 — POWER GAIN versus FREQUENCY 
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FREQUENCY versus DRAIN CURRENT 


FIGURE 4 — IMD versus Pout 
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FIGURE 7 — SERIES EQUIVALENT IMPEDANCE 
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FIGURE 8 — 150 MHz TEST CIRCUIT (CLASS AB) 


RFC2 
+28 Vdc 
+ 
C10 C11 
L4 
Bias Ri ij hk 
0-12 Vv i + = = 
C4== =EC5 DUT co | 
- : D ) RF Output 
C1 L1 L2 L3 ©) 
C2 C3 


C1, C2, C8 — Arco 463 or equivalent 
C3 — 25 pF Unelco 

C4 — 0.1 uF Ceramic 

C5 — 1.0 uF, 15 WV Tantalum 

C6 — 150 pF Unelco J101 

C7 — 25 uF Unelco J101 

C9 — Arco 262 or equivalent 

C10 — 0.05 uF Ceramic 

C11 — 15 uF, 35 WV Electrolytic 
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L1 — 3/4” #18 AWG into Hairpin 
L2 — Printed Line, 0.200” x 0.500” 
L3 — 7/8” #16 AWG into Hairpin 
L4 — 2 Turns #16 AWG, 5/16 ID 
RFC1 — 5.6 wH Molded Choke 
RFC2 — VK200-4B 

R1, R2 — 1500, 1.0 W Carbon 
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TMOS POWER FET CONSIDERATIONS 


MOSFET CAPACITANCES 


The physica! structure of a MOSFET results in capaci- 
tors between the terminals. The metal oxide gate structure 
determines the capacitors from gate-to-drain (Cgq), and 
gate-to-source (Cgs). The PN junction formed during the 
fabrication of the TMOS FET results in a junction capaci- 
tance from drain-to-source (Cqs). 

These capacitances are characterized as input (Cjss), 
output (Coss) and reverse transfer (Crgs) capacitances 
on data sheets. The relationships between the inter- 
terminal capacitances and those given on data sheets are 
shown below. The Cijsg can be specified in two ways: 


1. Drain shorted to source and positive voltage at the 
gate. 


2. Positive voltage of the drain in respect to source and 
zero volts at the gate. In the latter case the numbers 
are lower. However, neither method represents the 
actual operating conditions in RF applications. 


LINEARITY AND GAIN CHARACTERISTICS 


In addition to the typical IMD and power gain data 
presented, Figure 5 may give the designer additional 
information on the capabilities of this device. The graph 
represents the small signal unity current gain frequency 
at a given drain current level. This is equivalent to fT for 
bipolar transistors. Since this test is performed at a fast 
sweep speed, heating of the device does not occur. Thus, 
in normal use, the higher temperatures may degrade 
these characteristics to some extent. 


DRAIN CHARACTERISTICS 


One figure of merit for a FET is its static resistance in 
the full-on condition. This on-resistance, Vpson), occurs 
in the linear region of the output characteristic and is 
specified under specific test conditions for gate-source 
voltage and drain current. For MOSFETs, Vpsjon) has a 
positive temperature coefficient and constitutes an 
important design consideration at high temperatures, 
because it contributes to the power dissipation within 
the device. 


GATE CHARACTERISTICS 


The gate of the TMOS FET isa polysilicon material, and 
is electrically isolated from the source by a layer of oxide. 
The input resistance is very high — on the order of 
109 ohms — resulting in a leakage current of a few 
nanoamperes. 

Gate control is achieved by applying a positive voltage 
slightly in excess of the gate-to-source threshold 
voltage, VGS(th)- 

Gate Voltage Rating — Never exceed the gate voltage 
rating. Exceeding the rated VGs can result in permanent 
damage to the oxide layer in the gate region. 

Gate Termination — The gates of these devices are 
essentially capacitors. Circuits that leave the gate open- 
circuited or floating should be avoided. These conditions 
can result in turn-on of the devices due to voltage build-up 
on the input capacitor due to leakage currents or pickup. 

Gate Protection — These devices do not have an inter- 
nal monolithic zener diode from gate-to-source. If 
gate protection is required, an external zener diode is 
recommended. 
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sega eeececae Drain 


Paguoshes tn es Gate 


CMieseos VpGO 


deaueea. ate VGSi(th) 
Siparwhin a VpSi(on) 
Seiteyd areas Ciss 


= VpS(on) 
Ip 


MOTOROLA 
TECHNICAL DATA 


Advance Information _ | MRE141G 
The RF TMOS Line | | | : : 


RF Power Field-Effect Transistor 
N-Channel Enhancement-Mode TMOS 4 : 


300 W, 28 V, 2-175 MHz 
N-CHANNEL ~ 
TMOS BROADBAND 
RF POWER FET 


... designed for broadband commercial and military 
applications using push-pull circuits in the 2-175 MHz fre- 
quency band. The high power, high gain and broadband 
performance of each device makes possible solid-state 
transmitters for FM broadcast or TV channel frequency 
bands. 


@ Push-Pull Package for Broadband Circuits 


™ 


TMOS 


@ Low Thermal Resistance — 0.35°C/W Max iW 
® Ruggedness Tested at Rated Output Power 
@ Nitride Passivation . 
@ All Aluminum Metal System for High Reliability G 
ss) 
G (Flange) 
D 


MAXIMUM RATINGS : 


Drain Current — Continuous . | Ip fos de 

Total Device Dissipation @ Tc = 25°C Watts 
Derate above 25°C 2.85 WC 

_ THERMAL CHARACTERISTICS 


Thermal Resistance, Junction to Case | Rac | 0385 


Handling and Packaging — MOS devices are susceptible to damage from electrostatic charge. Reasonable precautions in handling 
and packaging MOS devices should be observed. 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 


[Characters «Symbol | win || Max CUat 


OFF CHARACTERISTICS (Each Side) 
Drain-Source Breakdown Voltage -V(BR)DSS 
‘| (V6g = 0, Ip = 100 mA) 
Zero Gate Voltage Drain Current | = 
(Vps = 28 Vde, Ves = 0) 
| Gate-Body Leakage Current loss 
(VGs = 20 Vdc,.Vps = 0) 


This document contains information on a new product. Specifications and information herein are subject to change without notice. (continued) 
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ELECTRICAL CHARACTERISTICS — continued (Tc = 25°C unless otherwise noted) 


[Charan Sambo | Min | Tp | Max | Unit | 


ON CHARACTERISTICS (Each Side) 


Drain-Source On-Voltage (Vgg = 10 V, ID = 10 Adc) VDS(on) 


Forward Transconductance (Vpsg = 10 V, ID = 5A) a oe 


Sfs 
DYNAMIC CHARACTERISTICS (Each Side) | | 
Input Capacitance (Vps = 28 V, Vgs = 0, f = 1 MHz) | 


za 
| 
nde 
am 
Output Capacitance (Vps = 28 V, VGs = 0, f = 1 MHz) . le ogee ee 
a 


Reverse Transfer Capacitance (Vpg = 28 V, Vets = 0, f = 1 MHz) 


FUNCTIONAL TESTS 


Common Source Amplifier Power Gain 
300 W, Ipo = 


500 mA, f = 175 MHz) 


(Vpp = 28 V, Pout = 


Drain Efficiency 
(Vpp = 28 V, Pout — 


Load Mismatch 
(VpD = 28 V, Pout = 300 W, Ilpq = 500 mA, 
VSWR 5:1 at all Phase Angles) 


300 W, f = 175 MHz, Ip (Max) = 19.5 A) 


{p, DRAIN CURRENT (AMPS) 
Ss 


i 
ee eee 
1 a en ee 
1 10 
Vps, ORAIN-TO-SOURCE VOLTAGE (VOLTS) Pin, INPUT POWER {WATTS} 


Figure 1. Input and Output Figure 2. DC Safe Operating Area Figure 3. Output Power versus 
Impedance Input Power 


HIGH IMPEDANCE ———B 
WINDINGS es 


R1 


BIAS 0-6 V 
9:1 

yey IMPEDANCE 

RATIO 


CONNECTIONS 
TO LOW IMPEDANCE 
WINDINGS 


ii 


41 
(IMPEDANCE 
RATIO 


R1 — 100 Ohms, 1/2 W C12 — 0.47 uF Ceramic Chip, Kemet 1215 or Equivalent 

R2— 1 kOhm, 1/2 W C13 — Arco 403, 3-35 pF ; 

C1 — Arco 402, 1.5-20 pF L1— 10 Turns AWG #16 Enameled Wire, 72 — 1:9 RF Transformer. Can be made of 15-18 Ohm 

C2 — Arco 406, 15-115 pF ; Close Wound, 1/4" 1.D. Semirigid Co-Ax, 90-100 Miis O.D. 

C3, C4, C8, C9, C10 — 1000 pF Chip L2 — Ferrite Beads of Suitable Material for NOTE: For stability, the input transformer T1 must be loaded 
C5, C11 — 0.1 «x F Chip 1.5-2 nH Total Inductance with ferrite toroids or beads to.increase the common 
C6 — 330 pF Chip T1 — 9:1 RF Transformer. Can be made of 15-18 Ohm mode inductance. For operation below 100 MHz. The 
C7 — 200 pF and 180 pF Chips:in Paraltel Semirigid Co-Ax, 62-90 Mils O.D. same is required for the output transformer. 

Unless Otherwise Noted, All Chip Capacitors are ATC Type 100 or Equivalent. ; ; See picture for construction details. 


Figure 4. 175 MHz Test Circuit 
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MOTOROLA | 
a SEMICONDUCTOR @ 
TECHNICAL DATA 


; The RF TMOS Line 


N-CHANNEL ENHANCEMENT-MODE 
TMOS RF POWER FIELD-EFFECT TRANSISTOR 


... designed for power amplifier applications in industrial, commer- 
cial and amateur radio equipment to. 175 MHz. 


@ Superior High Order IMD 
@ Specified 50 Volts, 30 MHz Characteristics 


Output Power = 30 Watts 
Power Gain = 18 dB (Typ) 
Efficiency = 40% (Typ) 
@ IMD(q3) (30 W PEP) = -35 dB (Typ) 
@ IMDid4 1) (30 W PEP) = -60 dB (Typ) 
@ 100% Tested For Load Mismatch At All Phase Angles With 
30:1 VSWR 


MAXIMUM RATINGS 
a 


Drain — Gate Voltage VpGoO Vde 


Drain Current — Continuous 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C ; W/°C 


Storage Temperature Range — -65 to +150 
Operating Junction Temperature 3 Se = 4 200 


THERMAL CHARACTERISTICS 


Thermal Resistance, Junction to Case Rec | 162 | 


Handling and Packaging — MOS devices are susceptible to damage from electrostatic charge. 
Reasonable precautions in handling and packaging MOS davices should be observed. 
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30W 2.0-175 MHz 


N-CHANNELTMOS _ 
LINEAR RF POWER 


FET 


STYLE 2: 
PIN 1. SOURCE 
2. GATE 
3. SOURCE 
4. DRAIN 


NOTES: 
1, DIMENSIONING AND TOLERANCING PER 
ANS] Y14.5M, 1982. 
2. CONTROLLING DIMENSION: INCH. 


MILLIMETERS INCHES 


CASE 211-07 


MRF148 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 


| Characteristic | Symbol | Min | typ | Max | Unit 


OFF CHARACTERISTICS 


Drain-Source Breakdown Voltage 
| (Vgs=9, Ip = 10 mA) 


Zero Gate Voltage Drain Current 


(Vps = 50 V, Ves = 0.) 
| Gate-Body Leakage Current 
(Vgs = 20 V, Vps = 0) 
ON CHARACTERISTICS 3 


Gate Threshold Voltage 
(Vps = 10 V, Ip = 10 mA) 


Drain-Source On-Voltage 
(VGsS = 10 V, Ip = 2.5 A) 


Forward Transconducta nce 
(Vps = 10 V, Ip = 2.5 A) 


DYNAMIC CHARACTERISTICS 


= 
= 


Output Capacitance 
(Vps = 50 V, Ves = 0, f = 1.6 MHz) 


(30 W PEP) 
(30 W CW) 


Drain Efficiency | 
(Vpp = 50 V, f = 30 MHz, Ipqg = 100 mA) 


intermodulation Distortion 

(Vpp = 50 V, Pout = 30 W (PEP), 

f = 30; 30.001 MHz, Ipg = 100 mA) 
Load Mismatch 


(Vpop = 50 V, Pout = 30 W (PEP), f = 30; 30.001 MHz, 
IpQ = 100 mA, VSWR 30:1 at all Phase Angles) 


CLASS A PERFORMANCE 


intermodulation Distortion (1) and Power Gain 


(Vpp = 50 V, Pout = 10 W (PEP), f1 = 30 MHz, 
f2 = 30.001 MHz, Ing = 1.0 A) 


Gps 
IMD(q3) 


IMD(d9-13) 


(1) To MIL-STD-1311 Version A, Test Method 2204B, Two Tone, Reference Each Tone. 


FIGURE 1 — 2-50 MHz BROADBAND TEST CIRCUIT 


ez . C6 C7 % 
Bias — a}! \—¢ 
50 V 
O-10V - a ima 7 
RF 
Output 


RF 
Input 


- C3 R4 
R1, R2— 200 0, 1/2 W Carbon 
R3 — 4.7 9, 1/2 W Carbon 

R4 — 470 0, 1.0 W Carbon 

Tt — 4:1 Impedance Transformer 


T2 — 1:2 Impedance Transformer 


Ci, C2, C3, C4, C5, C6 — 0.1 pF Ceramic Chip or Equivalent 
C7 — 10 uF, 100 V Electrolytic 

C8 — 100 pF Dipped Mica. 

L1 — VK200 20/48 Ferrite Choke or Equivalent (3.0 wH) 

L2 — Ferrite Bead(s), 2.0 wH 
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FIGURE 2 — POWER GAIN versus FREQUENCY FIGURE 3 — OUTPUT POWER versus INPUT POWER 
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FIGURE 5 — COMMON SOURCE UNITY GAIN 
FREQUENCY versus DRAIN CURRENT 


FIGURE 4 — IMD versus Pout 
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FIGURE 6 — 150 MHz TEST CIRCUIT 


QC) +50 Vde 


RF Input 


C1 — 91 pF Unelco Type MCM 01/010 L2 —4 Turns # 18 AWG, 5/16” ID 


C2, C4 — 0.1 wF Erie Red Cap Ri = 1.0 Ohm, 1/4 W Carbon 

C3 — Ailen Bradley 680 pF Feed Thru R2 — 2000 Ohm, 1/4 W Carbon 1250 

C5 — 1.0 uF, 50 Vdc Electrolytic RFC1 — VK200 21/48 i 
—411 d R 

C6 — 15 pF Unelco Type J101 T1 — 4:1 Transformer, 1.75” m Tra Ep pean Ane 

C7 — 24 pF Unelco Type MCM 01/010 Subminiature Coaxial Cable Impedance = 25 N 


L1— 2 Turns # 18 AWG, 5/167 ID 
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_ FIGURE 7 — GATE VOLTAGE versus DRAIN CURRENT 


FIGURE 8 — DC SAFE OPERATING AREA (SOA) 
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Vgs, GATE-SOURCE VOLTAGE (VOLTS) 
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FIGURE 9 — IMPEDANCE COORDINATES — 50-OHM. 


*Zo_ = Conjugate of the optimun load impedance 


into which the device output operates at a 


given output power, voltage and frequency. 
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TMOS POWER FET CONSIDERATIONS 


MOSFET CAPACITANCES 


The physical structure of a MOSFET results in capaci- 
tors between the terminals. The metal oxide gate structure 
determines the capacitors from gate-to-drain (Cgq), and 
gate-to-source (Cgs). The PN junction formed during the 
fabrication of the TMOS FET results in a junction capaci- 
tance from drain-to-source (Cqs). 

These capacitances are characterized as input (Cigss), 
output (Cogs) and reverse transfer (Crss) capacitances 
on data sheets. The relationships between the inter- 
terminal capacitances and those given on data sheets are 
shown below. The Cigg can be specified in two ways: 


1. Drain shorted to source and positive voltage at the 
gate. 


. Positive voltage of the drain in respect to source and 
zero volts at the gate. In the latter case the numbers 
are lower. However, neither method represents the 
actual operating conditions in RF applications. 


Source 


DRAIN CHARACTERISTICS 


One figure of merit for a FET is its static resistance in 
the full-on condition. This on-resistance, VDS(on), occurs 
in the linear region of the output characteristic and is 
specified under specific test conditions for gate-source 
voltage and drain current. For MOSFETs, VDS(on) has a 
positive temperature coefficient and constitutes an 


_ important design consideration at high temperatures, 


LINEARITY AND GAIN CHARACTERISTICS 


In addition to the typical IMD and power gain data 
presented, Figure 5 may give the designer additional 
information on the capabilities of this device. The graph 
represents the small signal unity current gain frequency 
at a given drain current level. This is equivalent to fT for 
bipolar transistors. Since this test is performed at a fast 
sweep speed, heating of the device does not occur. Thus, 
in normal use, the higher temperatures may degrade 
these characteristics to some extent. 


because it contributes to the HOner dissipation within 
the device. 


GATE CHARACTERISTICS 


The gate of the TMOS FET isa polysilicon material, and 
is electrically isolated from the source by a layer of oxide. 
The input resistance is very high — on the order of 
109 ohms — resulting in a leakage current of a few 
nanoamperes. . 

Gate control is achieved by applying a positive voltage 
slightly in excess of the dete iy eeuecen reenat 
voltage, VGS(th)- 

Gate Voitage Rating — Never exceed the gate voltage 
rating. Exceeding the rated VGs can result in permanent 
damage to the oxide layer in the gate region. 

Gate Termination — The gates of these devices are 
essentially capacitors. Circuits that leave the gate open- 
circuited or floating should be avoided. These conditions 
can result in turn-on of the devices due to voltage build-up 
on the input capacitor due to leakage currents or pickup. 

Gate Protection — These devices do not have an inter- 
nal monolithic zener diode from gate-to-source. If 
gate protection is required, an external zener lode is 
recommended. 


EQUIVALENT TRANSISTOR PARAMETER TERMINOLOGY 
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mf SEMICONDUCTOR | 
TECHNICAL DATA 


N-CHANNEL ENHANCEMENT-MODE 
TMOS RF POWER FIELD-EFFECT TRANSISTOR 


... designed primarily for linear large-signal output stages in the 
2-175 MHz frequency range. 


®@ Specified 50 Volts, 30 MHz Characteristics 


_ Output Power = 150 Watts 
Power Gain = 17 dB (Typ) 
Efficiency = 45% (Typ) 


@ Superior High Order IMD 
@ IMD,(q3) (150 W PEP) = -32 dB (Typ) 
@ IMD(q11) (1 50 W PEP) = -60 dB (Typ) 


@ 100% Tested For Load Mismatch At All Phase Angles With 
30:1 VSWR 


MAXIMUM RATINGS . 
Adc 
i | 
°C 
Ty OXS 


PoainGurent—contoune [fe 
Total Device Dissipation @ Tc = 25°C 300 Watts | 
Derate above 25°C 1.71 /°C 


40 
Storage Temperature Range -65 to +150 =a 
P20 [ee 


Operating Junction Temperature a ee 


THERMAL CHARACTERISTICS 


Simba [wae 
Thermal Resistance, Junction to Case Rage | 06 =| ecvw 


Handling and Packaging — MOS devices are susceptible to damage from electrostatic charge. 
Reasonable precautions in handling and packaging MOS devices should be observed. 
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150W 2.0-175 MHz 


N-CHANNEL TMOS 
LINEAR RF POWER 


FET 


STYLE 2: 
PIN 1. SOURCE 

2. GATE 
3. SOURCE 

4. DRAIN 


NOTES: 
1. DIMENSIONING AND TOLERANCING PER 
ANSI Y14.5M, 1982. 
2, CONTROLLING DIMENSION: INCH. 


CASE 211-11 


MRF150 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) , 
Characteristic ee 


OFF CHARACTERISTICS | ae fe Gi = : 
Drain-Source Breakdown Voltage . ViBR)DSS 125, 

(Vgs = 0, Ip = 100 mA) | 
Zero Gate Voltage Drain Current . Ipss__ 

(Vps = 50 V, Ves = 0) 


Gate-Body Leakage Current | -_ IGss 
(VGs = 20 V, Vps = 0) 


ON CHARACTERISTICS 


Gate Threshold Voltage s VGS\th) 
(Vps=10V,Ip=100 mA) | 7 

Drain-Source On-Voltage VDS(on) 
(VGs =10V, Ip =10A) 


Forward Transconductance © Ofs 
(Vps = 10 V, Ip = 5.0-A) 
DYNAMIC CHARACTERISTICS 


Input Capacitance 
(Vps = 50 V, Ves = OV, f= 1.0 MHz) 


Output Capacitance 
(Vps = 50 V, Ves = 0, f = 1.0 MHz) 


Drain Efficiency 
(Vpp = 50 V, Pout = 150 W (PEP), f = 30; 30.001 MHz, 
Ip (Max) = 3.75 A) 
Intermodulation Distortion (1) 
(Vpp = 50 V, Pout = 150 W (PEP), f1 = 30 MHz, 
f2 = 30.001 MHz, Ipq = 250 mA) 
Load Mismatch 
(Vpp = 50 V, Pout = 150 W (PEP), f = 30; 30.001 MHz, 
Ipo = 250 mA, VSWR 30:1 at all Phase Angles) 


CLASS A PERFORMANCE 


Intermodulation Distortion (1) and Power Gain Gps 
(Vpp = 50 V, Pout = 50 W (PEP), f1 = 30 MHz, IMD(q3) 


f2 = 30.001 MHz, Ipa = 3.0 A) IMD(q9-1 3) 
_ (1) To MIL-STD-1311 Version A, Test Method 2204B, Two Tone, Reference Each Tone. 


FIGURE 1 — 30 MHz TEST CIRCUIT (CLASS AB) 


RF 
Input 


C1 — 470 pF Dipped Mica C10 — 10 pF/100 V Electrolytic 
C2, C5, C6, C7, C8, C9 — 0.1 uF Ceramic Chip or. L1 — VK200/4B Ferrite Choke or Equivalent, 3.0 uwH 
Monolythic with Short Leads L2 — Ferrite Bead(s), 2.0 wH 
C3 — 200 pF Unencapsulated Mica or Dipped Mica R1, R2 — 51/1.0 W Carbon 
with Short Leads R3 — 3.3 2/1.0 W Carbon (or 2x 6.8 0/1/2 W in Parallel 
C4 — 15 pF Unencapsulated Mica or Dipped Mica T1 —9:1 Broadband Transformer . 
with Short Leads . _T2 — 1:9 Broadband Transformer 
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FIGURE 2 — POWER GAIN versus FREQUENCY | FIGURE 3 — OUTPUT POWER versus INPUT POWER 
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FIGURE 5 — COMMON SOURCE UNITY GAIN 
FREQUENCY versus DRAIN CURRENT 
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FIGURE 6 — GATE VOLTAGE versus 
DRAIN CURRENT . 
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FIGURE 7 — SERIES EQUIVALENT IMPEDANCE 
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NOTE: Gate Shunted By 25 Ohms. 


FIGURE 8 — 150 MHz TEST CIRCUIT (CLASS AB) 


RFC2 
+50 Vdc 
2 
Be L4 fi C10 fi C11 
Bias $ ° : 
4 Vv vos — 
ee ae aac = : co 
ee —- . ej ©) RF Output 
Ci, L1 ‘ L2 L3 zi 
RF Input (C : C6 C75 co 
C1, C2, C8 — Arco 463 or equivalent 
C3 — 25 pF Unelco D1 — 1N5347 Zener Diode 
C4 — 0.1 uF Ceramic L1 — 3/4” #18 AWG into Hairpin 
C5 — 1.0 uF, 15 WV Tantalum L2 — Printed Line, 0.200” x 0.500” 
C6 — 250 pF Unelco J101 L3 — 1” #16 AWG into Hairpin 
C7 — 25 uF Unelco J101 L4 — 2 Turns #16 AWG, 5/16 ID 
C9 — Arco 262 or equivalent RFC1 —.5.6 wH Choke 
C10 — 0.05 uF Ceramic RFC2Z — VK200-4B 
C11 — 15 uF, 60 WV Electrolytic R1, R2.— 150 0, 1.0 W Carbon 
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TMOS POWER FET CONSIDERATIONS 


MOSFET CAPACITANCES 


The physical structure of a MOSFET results in capaci- 
tors between the terminals. The metal oxide gate structure 
determines the capacitors from gate-to-drain (Cgq), and 
gate-to-source (Cgs). The PN junction formed during the 
fabrication of the TMOS FET results in a junction capaci- 
tance from drain-to-source (Cqs). 

These capacitances are characterized as input (Cjss), 
output (Coss) and reverse transfer (Crsg) capacitances 
on data sheets. The relationships between the inter- 
terminal capacitances and those given on data sheets are 
shown below. The Cigg can be specified in two ways: 


1. Drain shorted to source and positive voltage at the 
gate. 


2. 


Positive voltage of the drain inrespect to source and 
zero volts at the gate. In the latter case the numbers 
are lower. However, neither method represents the 
actual operating conditions in RF applications. 


LINEARITY AND GAIN CHARACTERISTICS 


In addition to the typical IMD and power gain data 
presented, Figure 5 may give the designer additional 
information on the capabilities of this device. The graph 
represents the small signal unity current gain frequency 
at a given drain current level. This is equivalent to fT for 
bipolar transistors. Since this test is performed at a fast 
sweep speed, heating of the device does not occur. Thus, 
in normal use, the higher temperatures may degrade 
these characteristics to some extent. 


‘DRAIN CHARACTERISTICS 


One figure of merit for a FET is its static resistance in 
the full-on condition. This on-resistance, VpS(on), occurs 
in the linear region of the output characteristic and is 
specified under specific test conditions for gate-source 
voltage and drain current. For MOSFETs, Vpsjon) has a 
positive temperature coefficient and constitutes an 
important design consideration at high temperatures, 
because it contributes to the power dissipation within 
the device. 


GATE CHARACTERISTICS 


The gate of the TMOS FET isa polysilicon material, and 
is electrically isolated from the source by a layer of oxide. 
The input resistance is very high — on the order of 
109 ohms — resulting in a leakage current of a few 
nanoamperes. ; 

Gate control is achieved by applying a positive voltage 
slightly in excess of the gate-to-source threshold 
voltage, VGSith)- 

Gate Voltage Rating — Never exceed the gate voltage 
rating. Exceeding the rated VGs can result in permanent 
damage to the oxide layer in the gate region. 

Gate Termination — The gates of these devices are 
essentially capacitors. Circuits that leave the gate open- 
circuited or floating should be avoided. These conditions 
can result in turn-on of the devices due to voltage build-up 
on the input capacitor due to leakage currents or pickup. 

Gate Protection — These devices do not have an inter- 
nal monolithic zener diode from gate-to-source. If 
gate protection is required, an external zener diode is 
recommended. 


EQUIVALENT TRANSISTOR PARAMETER TERMINOLOGY 
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TECHNICAL DATA 


Advance Information | 7 «|, (MRFE151G 
The RF TMOS Line .. # ot & _ 
RF Power Field-Effect Transistor 


N-Channel Enhancement-Mode TMOS _ 300 W, 50 V, 2-175 MHz 

aa . . . N-CHANNEL 

TMOS BROADBAND 
RF POWER FETs © 


... designed for broadband commercial and military 
applications using push-pull circuits in the 2-175 MHz fre- 
quency band. The high power, high gain and broadband 
performance of each device makes possible solid-state 
transmitters for FM broadcast or TV channel frequency 
bands. 


® Push-Pull Package for Broadband Circuits 

® Low Thermal Resistance — 0.35°C/W Max 

@ Ruggedness Tested at Rated Output Power | 

® Nitride Passivation 

@ All Aluminum Metal System for High Reliability G 


$ 
(Flange) 


MAXIMUM RATINGS 


Drain-Source Voltage 


Drain-Gate Voltage 


Drain Current — Continuous 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


Thermal Resistance, Junction to Case 


Handling and Packaging — MOS devices are susceptible to damage from electrostatic charge. Reasonable precautions in handling 
and packaging MOS devices should be observed. 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 
a 
_OFF CHARACTERISTICS (Each Side) , ~ 


Drain-Source Breakdown Voltage 
(Vgs = 0, lp = 100 mA) 


V(BR)DSS 


Zero Gate Voltage Drain Current 
(Vps = 50 Vdc, Veg = 0) 


Gate-Body Leakage Current Le | 


(VGs = 20 Vde, Vps = 0) 


This document contains information on a new product. Specifications and information herein are subject to change without notice. (continued) 
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ELECTRICAL CHARACTERISTICS — continued (Tc = 25°C unless otherwise noted) 


[SSC ——SSSS—*d;'CS bot |_Min | We | Mex | Unit | 


ON CHARACTERISTICS (Each Side) 


Gate Threshold Voltage (Vps = 10 V, Ip = 100 mA) VGSith) 
Drain-Source On-Voltage (Vgsg = 10 V, ID = 10 A) | VDS(on) Fo — | = 


Forward Transconductance (Vps = 10 V, Ip = 5A) 


DYNAMIC CHARACTERISTICS (Each Side) 


Input Capacitance (Vps = 50 V, VGs = 0, f = 1 MHz) 


Output Capacitance (Vps = 50 V, VGsg = 0, f = 1 MHz) 


Reverse Transfer Capacitance (Vpg = 50 V, VGs = 0, f = 1 MHz) 
FUNCTIONAL TESTS 


(Vpp = 50 V, Pout = 300 W, Ipq = 500 mA, f = 175 MHz) 


Drain Efficiency 
(Vpp = 50 V, Pout = 300 W, f = 175 MHz, Ip (Max) = 11 A) 


Load Mismatch 
(Vpp = 50 V, Pout = 300 W, Ilpq = 500 mA, 
VSWR 5:1 at all Phase Angles) 


Common Source Amplifier Power Gain — =] 
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Figure 1. Input and Output Figure 2. DC Safe Operating Area Figure 3. Output Power versus 
impedance Input Power 
HIGH IMPEDANCE ———a 5. 
O+ WINDINGS ‘i 
cil 
50V 
9:1 
= _ IMPEDANCE 
TIO 
= OUTPUT 
CONNECTIONS 
TO LOW IMPEDANCE - 
WINDINGS 
4 
IMPEDANCE 
= RATIO 
R1— 100 Ohms, 1/2 W C12 — Arco 403, 3-35 pF T2 — 1:4 RF Transformer. Can be made of 25-35 Ohm 
R2 — 1 kOhm, 1/2 W .L1— 10 Turns AWG #16 Enameled Wire, Semirigid Co-Ax, 90~100 Mils 0.D. 
C1 -—— Arco 406, 15-115 pF Close Wound, 1/4” 1.D. . 
C2 — Arco 402, 1.5-20 pF L2-— Ferrite Beads of Suitable Material for 
C3, C4, C7, C8, C9 — 1000 pF Chip 1.5-2 wH Total Inductance NOTE: For stability, the input transformer T1 must be loaded - 
C5, C10 — 0.1 uF Chip T1 — 9:1 RF Transformer. Can be made of 15-18 Ohm with ferrite toroids or beads to increase the common 
C6 — 330 pF Chip Semirigid Co-Ax, 62-90 Mils O.D. mode inductance. For operation below 100 MHz. The 
C11 — 0.47 2F Ceramic Chip, Kemet 1215 or Equivalent (100 V) same is required for the output transformer. 
Uniess Otherwise Noted, Ail Chip Capacitors are ATC Type 100 or Equivalent. See pictures for construction details. 


Figure 4. 175 MHz Test Circuit 


MOTOROLA RF DEVICE DATA 


2-408 


MOTOROLA 
= SEMICONDUCTOR am 
TECHNICAL DATA 


The RF TMOS Line Sgt 
Power Field Effect Transistor 
N-Channel Enhancement-Mode 


MRF153 


TMOS LINEAR 
RF POWER FETs 


300 WATTS 
2-100 MHz 


... designed primarily for linear large-signal output 
stages in the 2-100 MHz frequency range. . 


-® Specified 50 Volts, 30 MHz Characteristics 
Output Power = 300 Watts 
Power Gain = 17 dB (Typ) 
Efficiency = 45% (Typ) 


MAXIMUM RATINGS 


Gate-Source Voltage | 


Total Device Dissipation @ Tc = 25°C 700 Watts 
Derate above 25°C 4 Ww/°C 


Operating Junction Temperature 


THERMAL CHARACTERISTICS 


Handling and Packaging — MOS devices are susceptible to damage from electrostatic charge. Reasonable precautions in handling and packaging 
MOS devices should be observed. 
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ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 


_ OFF CHARACTERISTICS 


Drain-Source Breakdown Voltage 
(VGs = 0, Ip = 100 mA) 


Zero Gate Voltage Drain Current 
(Vps = 50 V, Veg = 0) 


Gate-Body Leakage Current 
(VgGs = 20 V, Vps = 0) 


ON CHARACTERISTICS 


Gate Threshold Voltage | ne VGSith) 
(Vps = 10 V, Ip = 100 mA) | | 


Forward Transconductance 
(Vps = 10 V, Ip = 10 A) 


DYNAMIC CHARACTERISTICS 


Input Capacitance > 
(Vps = 50 V, Vgs = OV, f = 1 MHz) 


Output Capacitance 
(Vps = 50 V, Ves = 0, f = 1 MHz) 


Reverse Transfer Capacitance 
(Vps = 50 V, Ves = 0, f = 1 MHz) 


FUNCTIONAL TESTS 


Common Source Amplifier Power Gain 
(Vpp = 50 V, Pout = 300 W, Ipq = 400 mA) 


Drain Efficiency 
(Vpp = 50 V, Pout = 300 W, f = 30 MHz) 


Intermodulation Distortion 


Drain-Source On-Voitage VDS(on) 
(VGs = 10 V, Ip = 20 A) 


(Vpp = 50 V, Pout = 300 WipEpy, f1 = 30 MHz, 
f2 = 30.001 MHz, Ipq = 40 mA) 


O ; 5 < g g O+ 
aa ‘5 L2 L3 0 
a = = D.U.T. C15 C16 | C17 C18 | 


R2 7 
a - , | ci2 |c13 
nput 
C1 c3 C7 mee ! ot 
ao = 11 RF 
T1 Output 
C1, C3, C8 — Arco 469 
C4, C12 — 1000 pF ~ C8 = 
C5, C19, C20 — 0.47 uF, RMC Type 2225C 
C6, C7, C14, C15, C16 — 0.1 uF os 
C11 — 470 pF 
C13 — Two Unencapsulated 1000 pF Mica, in Series L2, L3 — Ferrite Beads, Fair-Rite Products Corp. #2673000801 
C17, C18 — 0.039 uF T1 — RF Transformer, 1:16 Impedance Ratio. See Motorola 
C21 — 10 wF/100 V Electrolytic Application Note AN-749, Figure 4 for details. 
R1, R2— 10 Ohms/2W Carbon Ferrite Material: 2 Each, Fair-Rite Products Corp. #2667540001 


L1 — 2 Turns #16 AWG, 1/2" ID, 1/4” Long 


Ail capacitors ATC type 100/200 chips or equivalent unless otherwise noted. 


Figure 1. 30 MHz Test Circuit 
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POWER GAIN (dB) 
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Figure 2. Power Gain versus Frequency Figure 3. Output Power versus Input Power 
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Figure 4. Series Equivalent Impedance 
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Ip, DRAIN CURRENT (AMPS) 


Ips, ORAIN CURRENT (AMPS) 


= TEMP. TRACKING 


C1 — 1000 pF Ceramic 

C2, C3, C4, C8, C9, C10, C11 — 0.1 wF Ceramic 

C5 — 10 «F/100 V Electrolytic 

C6, C7 — 0.1 wF Ceramic, (ATC 200/823 or Equivalent) 
D1— 28 V Zener, 1N5362 or Equivalent 

D3 — 1N4148 

IC1 — MC1723 

L1, L2 — Fair-Rite Products Corp. Ferrite Beads #2673000801 
Ri, R2, R3 — 10 k Trimpot 

R4— 1.0k/1.0 W 

R5 — 10 Ohms 

R6 — 2.0 k 


R7 — 10k 

R8 — Thermistor, 10 k (25°C), 2.5 k (75°C) 

R9, R10 — 100 Ohms 

R11, Ri2 — 1.0 k 

R13, R14 — 50-100 Ohms, 4 x 2 W Carbon in Parallel 

T1 — 9:1 Transformer, Trifilar and Balun Wound on Separate 
Fair-Rite Products Corp. Balun Cores #286100012, 5 Turns Each. 

T2 — 1:9 Transformer, Balun 50 Ohm CO-AX Cable RG-188, 
Low Impedance Lines W.L. Gore 16 Ohms CO-AX Type CXN 1837. 
Each Winding Threaded Through Two Fair-Rite Products Corp. 
#2661540001 Ferrite Sleeves (6 Each). 

XTR — MRF153 


Figure 5. 20-80 MHz 500 W Broadband Amplifier 
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Vps, DRAIN- ike VOLTAGE (VOLTS) 
Figure 6. DC Safe Operating Area 


TYPICAL DEVICE SHOWN 
Vps = 10V 


V@si(th) = 35V 
Gfs = 12 mhos 


Vgs, GATE-SOURCE VOLTAGE (VOLTS) 


Figure 8. Gate Voltage versus Drain Current 
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Figure 7. Capacitance versus Drain Voltage 
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Figure 9. Common Source Unity Gain 
Frequency versus Drain Current 
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MOSFET CAPACITANCES 


The physical structure of a MOSFET results in capaci- 
tors between the terminals. The metal oxide gate struc- 
ture determines the capacitors from gate-to-drain (Cgq), 
and gate-to-source (Cgs). The PN junction formed during 
the fabrication of the TMOS FET results in a junction 
capacitance from drain-to-source (Cqg). 

These capacitances are characterized as input (Cjgs), 
output (Cogs) and reverse transfer (C;sg) capacitances on 
data sheets. The relationships between the interterminal 
capacitances and those given on data sheets are shown 
below. The Cijgg can be specified in two ways: 

1. Drain shorted to source and positive voltage at the 

gate. 

2. Positive voltage of the drain in respect to source and 
zero volts at the gate. In the latter case the numbers 
are lower. However, neither method represents the 
actual operating conditions in RF applications. 


: Ciss = Cod + Cgs 


Cds Coss = Cod + Cds 
Crsg = Cgd 


SOURCE 


LINEARITY AND GAIN CHARACTERISTICS 


In addition to the typical IMD and power gain data 
presented, Figure 5 may give the designer additional in- 
formation on the capabilities of this device. The graph 
represents the small signal unity current gain frequency 
at a given drain current level. This is equivalent to fy for 
bipolar transistors. Since this test is performed at a fast 
sweep speed, heating of the device does not occur. Thus, 
in normal use, the higher temperatures may degrade 
these characteristics to some extent. 


DRAIN CHARACTERISTICS 


One figure of merit for a FET is its static resistance in 
the full-on condition. This on-resistance, Vps(on), occurs 
in the linear region of the output characteristic and is 
specified under specific test conditions for gate-source 
voltage and drain current. For MOSFETs, VpS(on) has a 
positive temperature coefficient and constitutes an im- 
portant design consideration at high temperatures, be- 
cause it contributes to the power dissipation within the 
device. 


GATE CHARACTERISTICS 


The gate of the TMOS FET is a polysilicon material, 
and is electrically isolated from the source by a layer of 
oxide. The input resistance is very high — on the order 
of 109 ohms — resulting in a leakage current of a few 
nanoamperes. | 


TMOS POWER FET CONSIDERATIONS 


Gate control is achieved by applying a positive voltage 
slightly in excess of the gate-to-source threshold voltage, 
VGSith)- | 

Gate Voltage Rating — Never exceed the gate voltage 
rating. Exceeding the rated VGs can result in permanent 
damage to the oxide layer in the gate region. 

Gate Termination — The gates of these devices are 
essentially capacitors. Circuits that leave the gate open- 
circuited or floating should be avoided. These conditions 
can result in turn-on of the devices due to voltage build- 
up on the input capacitor due to leakage currents or 
pickup. . | 

Gate Protection — These devices do not have an in- 
ternal monolithic zener diode from gate-to-source. The 
addition of an internal zener diode may result in detri- 
mental effects on the reliability of a power MOSFET. If 
gate protection is required, an external zener diode is 
recommended. 


MOUNTING OF HIGH POWER RF 
POWER TRANSISTORS 


The package of this device is designed for conduction 
cooling. It is extremely important to minimize the thermal 
resistance between the device flange and the heat 
dissipator. 

Since the device mounting flange is made of soft cop- 


per, it may be deformed during various stages of han- 


dling or during transportation. It is recommended that 
the user makes a final inspection on this before the device 
installation. +0.0005” is considered sufficient for the 
flange bottom. . 

The same applies to the heat dissipator in the device 
mounting area. If copper heatsink is not used, a copper 
head spreader is strongly recommended between the de- 
vice mounting surfaces and the main heatsink. It should 
be at least 1/4” thick and extend at least one inch from 
the flange edges. A thin layer of thermal compound in 
all interfaces is, of course, essential. The recommended 
torque on the 4-40 mounting screws should be in the 
area of 4—5 Ibs.-inch, and spring type lock washers along 
with flat washers are recommended. 

For die temperature calculations, the A temperature 
from a corner mounting screw area to the bottom center 
of the flange is approximately 5°C and 10°C under normal 
Operating conditions (dissipation 150 W and 300 W 
respectively). 

The main heat dissipator must be sufficiently large and 
have low Rg for moderate air velocity, unless liquid cool- 
ing is employed. 


CIRCUIT CONSIDERATIONS 


At high power levels (500 W and up), the circuit lay- 
out becomes critical due to the low impedance levels and 
high RF currents associated with the output matching. 
Some of the components, such as capacitors and induc- 
tors must also withstand these currents. The component 
losses are directly proportional to the operating fre- 
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quency. The manufacturers specifications on capacitor _and the impedance levels are higher for.a given power 


ratings should be consulted on these aspects prior to output. High power broadband transformers are also eas- 
design. ier to design than comparable LC matching networks. 


Push-pull circuits are less critical in general, since the 
groune referenced RF loops are practically elirainatey 


EQUIVALENT TRANSISTOR PARAMETER TERMINOLOGY 
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The RF TMOS Line | “ MRF154 
Power Field Effect Transistor 7 | 
N-Channel Enhancement-Mode 


TMOS LINEAR 
RF POWER FET 
600 WATTS 
2-100 MHz 


... designed primarily for linear large-signal output 
stages in the 2-100 MHz frequency range. 


_ ®@ Specified 50 Volts, 30 MHz Characteristics 
Output Power = 600 Watts 
Power Gain = 17 dB (Typ) 
Efficiency = 45% (Typ) 


- CASE 368-01, STYLE 2 
(HOG PAC) 


MAXIMUM RATINGS 


Drain-Source Voltage 


Drain Current — Continuous 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


~65 to +150 


THERMAL CHARACTERISTICS 


a 
Thermal Resistance, Junction to Case R@Jc | 018 °C/W 


Handling and Packaging —- MOS devices are susceptible to damage from electrostatic charge. Reasonable precautions in handling and packaging 
MOS devices should be observed. 
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ELECTRICAL CEM OClEnisi= Eee = 25°C unless otherwise noted) 


OFF CHARACTERISTICS 


Drain-Source Breakdown Voltage 
(VGs = 0, Ip = 100 mA) 


Zero Gate Voltage Drain Current Ipss mAdc 
(Vps = 50 V, Ves = 0) 

Gate-Body Leakage Current IGss ee 
(VGs = 20 V, Vps = 0) 


ON CHARACTERISTICS ; . 
Gate Threshold Voltage 7 VGS(th) Vdc 
(Vps = 10 V, ID = 100 mA) ~ 


V(BR)DSS 125 Vde 


(Vas = 10 V, i 40 A) 


Forward Transconductance | Ofs 16 20 mhos 
(Vps = 10 V, Ip = 20 A) 


DYNAMIC CHARACTERISTICS 


Input Capacitance 
(Vps = 50 V, Ves = OV, f = 1 MHz) 


Output Capacitance 
(Vps = 50 V, Veg = 0,f = 1 MHz) 


Reverse Transfer Capacitance 
(Vps = 50 V, Ves = 0, f = 1 MHz) . 


FUNCTIONAL TESTS © 


Common Source Amplifier Power Gain — 
(Vpp = 50 V, Pout = 600 W, ipg = 800 mA, f = 30 MHz) 


Drain Efficiency 


(Vpp = 50-V, Pout = 600 w, ince = 800 mA, f = 30 MHz) 


intermodulation Distortion 
(Vpp = 50 V, Pout = 600 WIPEP), f1 = 30 MHz, 
f2 = 30.001 MHz, Ipg = 800 mA) 


: C20 C21 
0-6 V = R1 | ) ) fe) ) - es 
=: sas a C6 L2 L3 50 V 
= = > C15 C16 | C17 C18 a 
R2 : DUT | = 
4 19 
C4 C1 T t sh ae dt ale Cc 
L1 } = = 
he | c10 c11€12 | C13 
ge C3 C7 cof f = + 
c1[¢2 rie 
= SS a | 
poe ue Sad : 
C1, C3, C8 — Arco 469 
C2 — 330 pF SE 
C4 — 680 pF S ; - 
C5, C19, C20 — 0.47 uF, RMC Type 2225C = 
C6, C7, C14, C15, C16 — 0.1 pF 
c9, C10, C11 — 470 pF 
C12 — 1000 pF 
C13 — Two Unencapsulated 1000 pF Mica, in Series L2, L3 — Ferrite Beads, Fair-Rite Products Corp. #2673000801 
C17, C18 — 0.039 uF T1 — RF Transformer, 1:25 Impedance Ratio. See Motorola 
C21 — 10 yF/100 V Electrolytic Application Note AN-749, Figure 4 for details. 
R1, R2 — 10 Ohms/2W Carbon Ferrite Material: 2 Each, Fair-Rite Products 
L1— 2 Turns #16 AWG, 1/2" ID, 3/8” Long Corp. #2667540001 


All capacitors ATC type 100/200 chips or equivalent unless otherwise noted. 


FIGURE 1 — 30 MHz TEST CIRCUIT 
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Figure 4. DC Safe Operating Area 
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Figure 2. Power Gain versus Frequency 
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Figure 6. Gate Voltage versus Drain Current 
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= TEMP. TRACKING 


C1 — 1000 pF Ceramic 

C2, C3, C4, C8, C9, C10, C11 — 0.1 uF Ceramic 

C5 — 10 uF/100 V Electrolytic 

C6, C7 — 0.1 pF Ceramic, (ATC 200/823 or Equivalent) 
D1 — 28 V Zener, 1N5362 or Equivalent 

D3 — 1N4148 

IC1 — MC1723° 

L1, L2 — Fair-Rite Products Corp. Ferrite Beads #2673000801 
R1, R2, R3 — 10 k Trimpot 

R4— 1.0k/1.0 W 

R5 — 10 Ohms 

R6 — 2.0 k 
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R7 — 10 k: 

R8 — Thermistor, 10 k (25°C), 2.5 k (75°C) 

R9, R10 — 100 Ohms 

R11, R12 — 1.0 k 

R13, R14 — 50-100 Ohms, 4 x 2 W Carbon in Parallel 

T1 — 9:1 Transformer, Trifilar and Balun Wound on Separate 
Fair-Rite Products Corp. Balun Cores #286100012, 5 Turns Each. 

T2 — 1:9 Transformer, Balun 50 Ohm CO-AX Cable RG-188, 
Low Impedance Lines W.L. Gore 16 Ohms CO-AX Type CXN 
1837. 
Each Winding Threaded Through Two Fair-Rite Products Corp. 
#2661540001 Ferrite Sleeves (6 Each). 

XTR — MRF154 


Figure 9. 20-80 MHz 1 kW Broadband Amplifier 
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TMOS POWER FET CONSIDERATIONS 


MOSFET CAPACITANCES 


The physical structure of a MOSFET results. in capaci- 
tors between the terminals. The metal oxide gate. struc- 
ture determines the capacitors from gate-to-drain (C, gd), 
and gate-to-source (Cgs ). The PN junction formed aurina 
the fabrication of the TMOS FET results in a junction 
capacitance from drain-to-source (Cqs). 


These capacitances are characterized as input (Cigs),. 


output (Cog) and reverse transfer (C;gg) capacitances on 
data sheets. The relationships between the interterminal 
capacitances and those given on data sheets are shown 
below. The Cjgg can be specified in two ways: 

1. Drain shorted to source and positive voltage at the 
gate. 

2. Positive voltage of the drain in respect to source and 
zero volts at the gate. In the latter case the numbers 
are lower. However, neither method represents the 
actual operating conditions in RF applications. 


Cigg = Cgq + Cg 


Cds Coss = Cgq + Cas 
Crsg = Cgd 
Cgs 
Source 


LINEARITY AND GAIN CHARACTERISTICS 


In addition to the typical IMD and power gain data 
presented, Figure 5 may give the designer additional in- 
formation on the capabilities of this device. The graph 
represents the small signal unity current gain frequency 
at a given drain current level. This is equivalent to fT for 
bipolar transistors. Since this test is performed at a fast 
sweep speed, heating of the device does not occur. Thus, 
in normal use, the higher temperatures may degrade 
‘these characteristics to some extent. 


DRAIN CHARACTERISTICS 


One figure of merit for a FET is its static resistance in 
the full-on condition. This on-resistance, VDS(on), Occurs 
in the linear region of the output characteristic and is 
‘specified under specific test conditions for gate-source 
voltage and drain current. For MOSFETs, Vpsjon) has a 
positive temperature coefficient and constitutes an im- 
portant design consideration at high temperatures, be- 
cause it contributes to the power dissipation within the 
device. 


GATE CHARACTERISTICS 


The gate of the TMOS FET is a polysilicon material, 
and is electrically isolated from the source by a layer of 


oxide. The input resistance is very high — on the order 
of 109 ohms — resulting in a leakage current of a few 
nanoamperes. 

Gate control is achieved by applying a positive voltage 
slightly in excess of the gate-to- source th reshold voltage, 


VGS(th): 


Gate Voltage Rating — Never exceed the gate voltage 


‘rating. Exceeding the rated Vgs can result in permanent 


damage to the oxide layer in the gate region. 


Gate Termination — The gates of these devices are 
essentially capacitors. Circuits that leave the gate open- 
circuited or floating should be avoided., These conditions 
can result in turn-on of the devices due to voltage build- 
up on the input capacitor due to leakage currents or 
pickup. 


Gate Protection — These devices do not have an in- 
ternal monolithic zener diode from gate-to-source. The 
addition of an internal zener diode may result in detri- 
mental effects on the reliability of a power MOSFET. If 
gate protection is required, an external zener diode is 
recommended. 


MOUNTING OF HIGH POWER RF 
POWER TRANSISTORS 


The package of this device is designed for conduction 
cooling. it is extremely important to minimize the thermal 
resistance between the device flange and the heat 
dissipator. 

Since the device mounting flange is made of soft cop- 
per, it may be deformed during various stages of han- 
dling or during transportation. It is recommended that 
the user makes a final inspection on this before the device 
installation. +0.0005” is considered sufficient for the 
flange bottom. 

The same applies to the heat dissipator in the device 
mounting area. If copper heatsink is not used, a copper 
head spreader is strongly recommended between the de- 
vice mounting surfaces and the main heatsink. It should 
be at least 1/4” thick and extend at least one inch from 
the flange edges. A thin layer of thermal compound in 
all interfaces is, of course, essential. The recommended 
torque on the 4-40 mounting screws should be in the 
area of 4—5 Ibs.-inch, and spring type lock washers along 
with flat washers are recommended. 

For die temperature calculations, the A temperature 
from a corner mounting screw area to the bottom center 
of the flange is approximately 5°C and 10°C under normal : 
Operating conditions (dissipation 150 W and 300 W 
respectively). 

The main heat dissipator must be sufficiently large and 
have low Rg for moderate air velocity, unless liquid cool- 
ing is employed. 
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CIRCUIT CONSIDERATIONS . ratings should be consulted on these aspects prior to 
design. 

Push-pull circuits are less critical in general, since the 
ground referenced RF loops are practically eliminated, 
and the impedance levels are higher for a given power 
output. High power broadband transformers are also eas- 
ier to design than comparable LC matching networks. 


At high power levels (500 W and up), the circuit lay- 
out becomes critical due to the low impedance levels and 
high RF currents associated with the output matching. 
Some of the components, such as capacitors and induc- 
tors must also withstand these currents. The component 
losses are directly proportional to the operating fre- 
quency. The manufacturers specifications on capacitor 
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| The RF TMOS Line 


N-CHANNEL ENHANCEMENT-MODE 
TMOS RF POWER FIELD-EFFECT TRANSISTOR 


...designed for wideband large-signal amplifier and oscillator 
applications in the 2.0 to 400 MHz range. 


@ Guaranteed 28 Volt, 400 MHz Performance 
Output Power = 5.0 Watts 
Minimum Gain = 11 dB 
Efficiency = 50% (Typical) 


Small-Signal and Large-Signal Characterization 


100% Tested for Load Mismatch At All Phase Angles 
With 30:1 VSWR | 


Low Noise Figure — 3.0 dB (Typ) at 100 mA, 400 MHz 


Excellent Thermal Stability, Ideally Suited For Class A 
Operation 


Facilitates Manual Gain Control, ALC and Modulation 
Techniques 
D 
| 
. S 
MAXIMUM RATINGS 
| Rating | Symbol | Value 


in- 6 
Drain-Gate Voltage VDGR 6 Vde 
(Rgs = 1.0 MQ) 
: = 


5 

5 
Gate-Source Voltage GS Vd 
d 


[Drain Current — Continuous =~ tp | 09 | A 
Total Device Dissipation @ Tc = 25°C 17.5 Watts 
0.10 wc 


Derate above 25°C 
Storage Temperature Range Tstq | —65 to +150 a 
°C 


Operating Junction Temperature 


THERMAL CHARACTERISTICS 
ee 
Rwc | 10 | 
Handling and Packaging — MOS devices are susceptible to damage from electrostatic charge. 


Thermal Resistance, Junction to Case 
Resonable precautions in handling and packaging MOS: devices should be observed. 


°C 
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5.0W 2.0-400 MHz 


_ N-CHANNEL TMOS | 
BROADBAND RF POWER 


FET 


aa 
= \. SEATING puane | re 
| 


.32.N == | 
| U 
WRENCH FLAT ss oe 
elian 
B 


STYLE 3: 
PIN 1. SOURCE 
2. GATE 
3. SOURCE 
4, DRAIN 


MRF161 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 


[Characters «dvb | in | Tw | Mex | Unt | 


OFF CHARACTERISTICS 


Drain-Source Breakdown Voltage 
(Vg6s = 0, Ip = 5.0 mA) 


Zero Gate Voltage Drain Current 


(Vos = 28 V, Ves = 0) 


Gate-Source Leakage Current 
(VGs = 40 V, Vps = 0) 


ON CHARACTERISTICS 


Gate Threshold Voltage 
(Vps = 10 V, Ip = 10 mA) 


Forward Transconductance 
(Vps = 10 V, lp = 100 mA) 


DYNAMIC CHARACTERISTICS 


Input Capacitance 

(Vps = 28 V, Ves = 0, f = 
Output Capacitance 

(Vps = 28 V, Ves = 0, f = 1.0 MHz) 


Reverse Transfer Capacitance 
(Vps = 28 V, Ves = 0, f = 1.0 MHz) 


1.0 MHz) 


i al a a 
Oe eal el 
=e 


Hd Sl al Kal 


FUNCTIONAL CHARACTERISTICS (Figure 1) 


Noise Figure 
(Vps = 28 Vdc, Ip = 100 mA, f = 400 MHz, 
Zs = 67.6 + j14.1, 2, = 14.5 + j25.7) 


Common Source Power Gain 


Drain Efficiency 


(Vpp = 28 Vdc, Pout = 5.0 W, f = 400 MHz, Ipqg = 50 mA) 


Electrical Ruggedness 


No Degradation in Output Power 


(Vpp = 28 Vdc, Pout = 5.0 W, f = 400 MHz, Ipq = 50 mA, 


VSWR 30:1 at All Phase Angles) 


FIGURE 1 — 400 MHz TEST CIRCUIT 


C2 R3 

RE C4 sit L2 
Input 

C5 C6 Cc? 


C1, C2, C13 — 0.1 uF, 50 V Disc Ceramic 

~ C3 — 0.01 uF, 100 V Disc Ceramic 
C4, C10 — 220 pF, 100 Mil Chip Cap 
C5 — 1-10 pF Johanson or Equivalent 
C6 — 5.0 pF Mini-Unleco or Equivalent 

_ C7 — 1-20 pF Johanson or Equivalent 
C8 — 15 pF, 100 Mil ATC Chip Cap or Equivalent 
C9, C11 — 2.2, 100 Mil ATC Chip Cap or Equivalent 
C12, C14 — 680 pF Feedthru 

- C15 — 50 pF, 35 V 
Ri — 1.6 kQ, 1/44 W 

- R2— 10 Turns 10 kN 
R3 — 10k, 1/2 W 
D1 — 1N5347B Motorola Zener or Equivalent 


RFC2 
Vop 
+28 V 
c12 [C13 C14] C15t+ 
RFCI Pee ne 
L3 La 
) RF 
Cci0 Output 
C8 cg C11 


L1 — 1-3/4 Turns, 0.185” ID 0.08” Long #20 AWG Enamel — (25 nH} 
L2 — #20 AWG Enamel, Hairpin (\f0.353" — (10.5 nH} 
—| -0.185" 


L3 — 1-3/4 Turns, 0.128" [D 0.11” Long #18 AWG Enamel — (15 nH} 
L4 — #18 AWG Enamel, Hairpin (\ 0.410" — (12.5 nH) 
—aA —-0.185" 


RFC1 -— 10 Turns, 0.300” ID #20 AWG Enamel Closewound 
RFC2 — Ferroxcube VK-200 

21 — 0.82” x 0.164” Microstrip — (ZQ = 50 0) 

Z2, Z3 — 0.60” x 0.25” Microstrip 

24 — 0.76" x 0.164” Microstrip — (Zo = 50 2) 

Board-Glass Teflon, 62 Mils, e = 2.56 
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FIGURE 3 — OUTPUT POWER versus INPUT POWER — 


FIGURE 2 — OUTPUT POWER versus INPUT POWER 
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FIGURE 5 — OUTPUT POWER versus SUPPLY VOLTAGE 


FIGURE 4 — OUTPUT POWER versus SUPPLY VOLTAGE 
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FIGURE 6 — OUTPUT POWER versus SUPPLY VOLTAGE | 
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FIGURE 7 — OUTPUT POWER versus SUPPLY VOLTAGE 
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FIGURE 8 — OUTPUT POWER versus GATE VOLTAGE 
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FIGURE 10 — GATE-SOURCE VOLTAGE versus 
CASE TEMPERATURE 
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FIGURE 9 — DRAIN CURRENT versus GATE VOLTAGE 
(TRANSFER CHARACTERISTICS) 
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FIGURE 11 — CAPACITANCE versus VOLTAGE 
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FIGURE 12 — MAXIMUM RATED FORWARD BIASED 
SAFE OPERATING AREA 
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FIGURE 13 — LARGE-SIGNAL SERIES EQUIVALENT INPUT AND — 
OUTPUT IMPEDANCE, Zin, ZoL* 
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225 4.76-26.1 34.5-)36.1 . 

100 8.00-40.5 | — 41.0-]36.0 


_. *"ZOL = Conjugate of the optimum load imped- > 
7 aNd ance into which the device operates at a given 
me AN output power, voltage, and frequency. oe 


Foes ae 


€. 


MOTOROLA RF DEVICE DATA 


2-425 


IMRF161 


FIGURE 14 — COMMON SOURCE SCATTERING PARAMETERS 
50 OHM SYSTEM , 
Vps = 28 V, Ip = 250 mA 
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FIGURE 15 — S44, INPUT REFLECTION COEFFICIENT FIGURE 16 — S12, REVERSE TRANSMISSION COEFFICIENT 
versus FREQUENCY versus FREQUENCY 


Vps = 28 V, Ip = 250 mA Vos = 28 V, Ip =. 250 mA 
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FIGURE 17 — S21, FORWARD TRANSMISSION COEFFICIENT FIGURE 18 — Soo, OUTPUT REFLECTION COEFFICIENT 
versus FREQUENCY ~ versus FREQUENCY 
Vos = 28V, Ip = 250 mA Vos = 28 V, Ip = 250 mA 
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DESIGN CONSIDERATIONS 

The MRF161 is a TMOS RF power N-Channel en- 
hancement mode field-effect transistor (FET) designed 
especially for UHF power amplifier and oscillator ap- 
plications. Motorola TMOS FETs feature a vertical struc- 
ture with a planar design, thus avoiding the processing 
difficulties associated with V-groove vertical power 
FETs. 

Motorola Application Note AN211A, FETs in Theory 
and Practice, is suggested reading for those not familiar 
with the construction and characteristics of FETs. 

The major advantages of TMOS RF power FETs in- 
clude high gain, low noise, simple bias systems, relative 
immunity from thermal runaway, and the ability to with- 
stand severely mismatched loads without suffering 
damage. Power output can be varied over a wide range 
with a low power dc control signal, thus facilitating 
manual gain control, ALC and modulation. 


DC BIAS | . 

The MRF161 is an enhancement mode FET and, there- 
fore, does not conduct when drain voltage is applied. 
Drain current flows when a positive voltage is applied 
to the gate. See Figure 9 for a typical plot of drain current 
versus gate voltage. RF power FETs require forward bias 
for optimum performance. The value of quiescent drain 
current (IpqQ) is not critical for many applications. The 
MRF161 was characterized at Ipg = 50 mA, which is 
the suggested minimum value of lpg. For special ap- 
plications such as linear amplification, IpQqQ may have to 
be selected to optimize the critical parameters. 

The gate is a dc open circuit and draws no current. 
Therefore, the gate bias circuit may generally be just a 


simple resistive divider network. Some applications 
may require a more elaborate bias system. 


GAIN CONTROL : 

Power output of the MRF161 may be controlled from 
its rated value down to zero (negative gain) by varying 
the dc gate voltage. This feature facilitates the design 
of manual gain control, AGC/ALC, and modulation sys- 
tems. (See Figure 8.) 


AMPLIFIER DESIGN 

Impedance matching networks similar to those used 
with bipolar UHF transistors are suitable for the 
MRF161. See Motorola Application Note AN721, Imped- 
ance Matching Networks Applied to RF Power Transis- 
tors. The higher input impedance of TMOS FETs helps 
ease the task of broadband network design. Both small 
signal scattering parameters and large signal imped- 
ances are provided. While the s-parameters will not pro- 
duce an exact design solution for high power operation, 
they do yield a good first approximation. This is an 
additional advantage of TMOS power FETs. 

RF power FETs are triode devices and, therefore, not 
unilateral. This, coupled with the very high gain of the 
MRF161, yields a device capable of self oscillation. Sta- 
bility may be achieved by techniques such as drain load- 
ing, input shunt resistive loading, or output to input 
feedback. Two port parameter stability analysis with the 
MRF161 s-parameters provides a useful tool for selec- 
tion of loading or feedback circuitry to assure stable 
operation. See Motorola Application Note AN215A for 
a discussion of two port network theory and stability. 


FIGURE 19 — 400 MHz TEST CIRCUIT 
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MOTOROLA 
m= SEMICONDUCTOR es 
TECHNICAL DATA | | MRF1 62 


The RF TMOS Line | 


N-CHANNEL ENHANCEMENT-MODE 
TMOS RF POWER FIELD-EFFECT TRANSISTOR 
. designed for wideband large-signal output and driver applica- 
tions in the 2.0 to 400 MHz range. 


@ Guaranteed 28 Volt, 400 MHz pGHoRmanee 
Output Power = 15 Watts 
Minimum Gain = 11dB 
Efficiency = 50% (Typical) 

@ Small-Signal and Large-Signal Characterization 


@ 100% Tested for Load Mismatch At All Phase Angles 
With 30:1 VSWR 


® Low Noise Figure ~— 2.0 dB (Typ) at 300 mA, 400 MHz 
@ Excellent Thermal Stability, Ideally Suited For Class A Operation 


15W 2.0-400 MHz 


N-CHANNEL TMOS 
BROADBAND RF POWER 


® Facilitates Manual Gain Control, ALC and Modulation Techniques 


D 


MAXIMUM RATINGS 


Rating Symbol Value Unit 
Drain: Source Voltage Voss 65 Vdc 
Drain-Gate Voltage VDGR 65 Vde 
(Rgs= 1.0 MQ) 
Gate-Source Voltage +40 Vde 
a PIN 1, SOURCE 
Drain Current — Continuous 2.5 Adc 2. GATE 
3. SOURCE 
Total Hevies micsipation. @Tc= 25°C 50 Watts 4. DRAIN 
Derate above 25°C 0.286 W/°C 
Storage Ternperature Range = -65 to +150 ol 
Operating Junction Temperature 200 °C Se 0.286 
- 0.244 _| 
aan 7 99 Sat 51 {0.590 | 0.650 _| 
THERMAL CHARACTERISTICS 0.235 
Characteristic Symbol Max Unit rE: pe ieee 
Thermal Resistance, Junction to Case RaJc 3.5 °C/W : . 
CM_| 4°NOM (| 45°NOM | 
Handling and Packaging — MOS devices are susceptible to damage from electrostatic charge. ae cee eee 


Reasonable precautions in handling and packaging MOS devices should be observed. [ s | 300 | 325 | 0118 | 0.128 
. . it | 140 | 177 | 0.055 | 0070 


CASE 244-04 
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ELECTRICAL CHARACTERISTICS (Te = 25°C unless otherwise noted) 


OFF CHARACTERISTICS , Pd 


Drain-Source Breakdown Voltage V(BR)DSS 
(Vgs = 0, Ip = 5.0 mA) 
Zero Gate Voltage Drain Current IDSs 
(Vps = 28 V, Vgs = 0) 
Gate-Source Leakage Current IGss 
(Vgs = 40 V, Vos = 0) 


ON CHARACTERISTICS 


Gate Threshold Voltage 
(Vps = 10 V, Ip = 25 mA) 


Forward Transconductance 
(Vps = 10 V, Ip = 250 mA) 


1.0 3.0 — 6.0. Vdc 


250 400 — = mmhos 


DYNAMIC CHARACTERISTICS 


Input Capacitance 
(Vps = 28 V, Vgs = 0, f = 1.0 MHz) 


Output Capacitance 
(Vos = 28 V, Ves = O, f = 1.0 MHz) 


Reverse Transfer Capacitance 
(Vps = 28 V, Ves = O, f = 1.0 MHz) 


FUNCTIONAL CHARACTERISTICS (Figure 1) 


Noise Figure NF = 2.0 = a: 
(Vpg = 28 Vde, Ip = 300 mA, f = 400 MHz, 
Zg = 5.9 + j7.8 0, 2, = 3.78 + j5.75 2) 


Common Source Power Gain Gps 11 13.6 — dB 
(Vpop = 28 Vdc, Pour = 15 W, f = 400 MHz, lpg = 50 mA) 

Drain Efficiency n 45 50 = % 
(Vpp = 28 Vdc, Pout = 15 W, f = 400 MHz, Ipg = 50 mA) 

Electrical Ruggedness us No Degradation in Output Power 


(Vpp = 28 Vdc, Pout = 15 W, f = 400 MHz, Inq = 50 mA, 
VSWR 30:1 at Ail Phase Angles) 


FIGURE 1 — 400 MHz TEST CIRCUIT 


RFC2 Vp = 28 V 
+ C14 
C12 ~ LC 
C13 ~ 
Cf RF 
~ Output 
2 
C3 C6 
C1, C2, C3 — 1-20 pF Johanson or Equivalent = R2 — 10 Turns 10 kQ) 
-C4, C7 — 270 pF, 100 Mil Chip Cap R3 — 1.6kQ, 1/4 W 
C5 — 18 pF Mini-Unleco or Equivalent RFC1 — 10 Turns, 0.300" ID #20 AWG 
C6 — 12 pF, 100 Mil Chip Cap Enamel Closewound 
C8 — 0.01 uF, 50 V Disc Ceramic : ; RFC2 — Ferroxcube VK-200 — 19/4B 
C9, C10, C12 — 0.1 pF, 50 V Disc Ceramic Z1 — 1.5” x 0.250" Microstrip 
C11, C14 — 680 pF Feedthru. Z2 -— 0.6" x 0.250" Microstrip 
C13 — 20 uF, 50 V 23 — 1.3” x 0.250” Microstrip 
D1 — 1N5925A Motorola Zener 24 — 0.85” x 0.250” Microstrip 
Ri — 10 kQ, 1/4 W Board — Glass Teflon, 62 Mils, e, = 2.56 
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FIGURE 3 — OUTPUT POWER versus INPUT POWER 


FIGURE 2 — OUTPUT POWER versus INPUT POWER 
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FIGURE 5 — OUTPUT POWER versus SUPPLY VOLTAGE 


FIGURE 4 — OUTPUT POWER versus SUPPLY VOLTAGE 
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FIGURE 7 — OUTPUT POWER versus SUPPLY VOLTAGE 


FIGURE 6 — OUTPUT POWER versus SUPPLY VOLTAGE 
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FIGURE 8 — OUTPUT POWER versus GATE VOLTAGE FIGURE 9 — DRAIN CURRENT versus GATE VOLTAGE 
(TRANSFER CHARACTERISTICS) 


SLEEPER 
f = 400 MHz 
Pin = poutants is} | Typical Device + 


Shown, Vgs(th) = 3.0 V 


Pop. OUTPUT POWER (WATTS) 
Ip. DRAIN CURRENT (mA) 
© 


0 2.0 3.0 4.0 5.0 6.0 7.0 


Vgs, GATE-SOURCE VOLTAGE (VOLTS) Vgs, GATE-SOURCE VOLTAGE (VOLTS) 


FIGURE 10 — GATE-SOURCE VOLTAGE versus FIGURE 11 — CAPACITANCE versus 
: CASE TEMPERATURE DRAIN-SOURCE VOLTAGE 


C, CAPACITANCE (pF) 


a ee te eee ee 
0 4.0 12 16 20 24 28 


Tc, CASE TEMPERATURE (°C) i DRAIN-SOURCE VOLTAGE (VOLTS) 
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FIGURE 12 — DC SAFE OPERATING AREA 
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FIGURE 15 — COMMON SOURCE SCATTERING PARAMETERS 
50 OHM SYSTEM 
Vos =28V,1Ip=0.5A 


$17 


f | _ $21 | $12 S22 

(me) [Sar | san | Sea | 
[so] 09as | 27 [9300] 150 | 0016 | +78 | 070 | 20 
| 30—s—i«é(;:«S ssc 33s | -109_ «|| 18.82 118 0.054 "30 | 0.727 -116 
12.42 0.060 18 | 0.729 -138 
| = 60sid|s 79g | «6-140 | 10.45 101 0.061 14 | 0.729 “143 
| 70—i«dT«C (siz | -145 | 9.18 97 0.061 11 | 0.729 -148 
| = g0——i«d| 779s -t49—| 8.01 94 0.062 +89 | 0.731 -151 
fr 90Ssd| 777-152, | 7.12 92 0.062 “7.1 0.733 -153 
6.48 89 0.062 +53 0.735 -155 
-157 5.92 87 0.062 +3.9 0.737 -156 
-158 5.45 85 0.062 +2.4 0.739 -158 
-160 5.03 83 0.062 +15 0.741 -159 
4.69 81 0.062 +0.4 0.743 -159 
4.37 80 0.061 -0.6 0.744 -160 
| = 160s | 777——=*F 4.10 78 0.062 13 0.746 -161 
0.777 3.87 77 0.061 299 0.748 -161 
3.65 75 0.061 -2.8 0.750 -161 
3.46 74 0.061 -3.7 0.753 -162 
0.781 3.29 72 0.060 -4.2 0.755 -162 

225 0.784 2.87 69 0.060 -5.8 0.765 -163 

250 0.788 2.57 66 0,059 77 0.770 -163 
0.790 2.30 64 0.059 -9.0 0.780 -163 
0.792 2.20 62 0.059 -11 0.795 -163 

325 0.794 1.94 57 0.059 a2 0.812 -163 
0.794 1.78 56 0.058 -15 0.815 -163 
0.799 1.67 64 0.057 -16 0.826 -163 
a ae 1.56 51 0.055 AF 0.836 -163 
0.815 1.45 50 0.054 17 0.862 -163 
-169 1.39 47 0.053 -17 0.860 | -162 
| 475 0.834 -170 1,32 45 0.052 ey. 0.871 -162 
-170 © 1.23 42 0.051 -16 0.871 -162 
-171 1.16 41 0.050 -14 0.872 -162 
7 550 0.843 -171 1.14 39 0.048 Be 0.883 | -162 
0.845 -172 1.07 37 0.048 a 0.894 -162 
| 600 =| 0.855 172 1.03 35 0.046 -10 0.901 -163 

625 0.856 -173 0.977 33 0.045 -9.0 0.905 -163 
-173. | 0.947 32 0.044 20 0.921 -163 
-173 0.914 30 0.044 -5.0 0.938 -163 

700 ~174 0.873 27 0.043 -4.0 0.949 -164 

725 ~174 0.841 27 0.042 A0 0.947 -164 
-174 0.821 26 0.043 +2.0 0.970 -164 

775 -175 0.814 24 0.044 +4.0 0.978 -164 

800 -176 0.775 22 0.045 +8.0 0.978 -164 
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FIGURE 16 — $71, INPUT REFLECTION COEFFICIENT 
versus FREQUENCY 


FIGURE 17 — S42, REVERSE TRANSMISSION COEFFICIENT 
Vos =28V,Ip=05A. | 


. versus FREQUEN 
~Vps=28V,Ip=05A . 


FIGURE 18 — S21. FORWARD TRANSMISSION COEFFICIENT 
versus FREQUENCY 
Vos =28V, Ip -0.5A 


FIGURE 19 ~ S99, OUTPUT REFLECTION COEFFICIENT 
versus FREQUENCY 
Vos =28V.Ip-O0.5A 
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DESIGN CONSIDERATIONS 

The MRF162 is a TMOS RF power N-Channel enhance- 
ment mode field-effect transistor (FET) designed especial- 
ly for UHF power amplifier applications. Motorola TMOS 
FETs feature a vertical structure with a planar design, 
thus avoiding the processing difficulties associated with 
V-groove vertical power FETs. 

Motorola Application Note AN-211A, FETs in Theory and 
Practice, is suggested reading for those not familiar with 
the construction and characteristics of FETs. 

The major advantages of TMOS RF power FETs include 
high gain, low noise, simple bias systems, relative immu- 
nity from thermal runaway, and the ability to withstand 
severely mismatched loads without suffering damage. 
Power output can be varied over a wide range with a low 
power dc control signal, thus facilitating manual gain 
control, ALC and modulation. 


DC BIAS 

The MRF162 is an enhancement mode FET and, there- 
fore, does not conduct when drain voltage is applied. 
Drain current flows when a positive voltage is applied to 
the gate. See Figure 9 for a typical plot of drain current 
versus gate voltage. RF power FETs require forward bias 
for optimum performance. The value of quiescent drain 
current (Ipq) is not critical for many applications. The 
MRF162 was characterized at IpQ = 50 mA, which is the 
suggested minimum value of lpg. For special applications 
such as linear amplification, Ip@ may have to be selected 
to optimize the critical parameters. 

The gate is a dc open circuit and draws no current. 
Therefore, the gate bias circuit may generally be just a 


simple resistive divider network. Some applications may 
require a more elaborate bias system. 


GAIN CONTROL 

Power output of the MRF162 may be controlled from its 
rated value down to zero (negative gain) by varying the dc 
gate voltage. This feature facilitates the design of manual 
gain control, AGC/ALC, and modulation systems. (See 
Figure 8.) 


AMPLIFIER DESIGN 

Impedance matching networks similar to those used 
with bipolar UHF transistors are suitable for the MRF162. 
See Motorola Application Note AN-721, Impedance Match- 
ing Networks Applied to RF Power Transistors. The higher 
input impedance of TMOS FETs helps ease the task of 
broadband network design. Both small signal scatter- 
ing parameters and large signal impedances are provided. 
While the s-parameters will not produce an exact design 
solution for high power operation, they do yield a good 
first approximation. This is an additional advantage of 
TMOS power FETs. 

RF power FETs are triode devices and, therefore, not 
unilateral. This, coupled with the very high gain of the 
MRF162, yields a device capable of self oscillation. 
Stability may be achieved by techniques such as drain 
loading, input shunt resistive loading, or output to input 
feedback. Two port parameter stability analysis with the 
MRF162 s-parameters provides a useful tool for selection 
of loading or feedback circuitry to assure stable operation. 
See Motorola Application Note AN-215A for a discussion 
of two port network theory and stability. 


FIGURE 20 — 400 MHz TEST CIRCUIT 
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TECHNICAL DATA 


MRF163 


25W 2.0-400 MHz 
N-CHANNEL ENHANCEMENT-MODE 
TMOS RF POWER FIELD-EFFECT TRANSISTOR 


... designed for wideband large-signal output and driver applica- 
‘tions in the 2.0 to 400 MHz range. 


@ Guaranteed 28 Volt, 400 MHz Performance 
Output Power = 25 Watts 
Minimum Gain = 10 dB 
Efficiency = 50% (Typical) 
@ Small-Signal and Large-Signal Characterization 
@ 100% Tested for Load Mismatch At All Phase Angles 
With 30:1 VSWR 
® Low Noise Figure — 2.5 dB (Typ} at 500 mA, 400 MHz 


@ Excellent Thermal Stability, Ideally Suited For Class A Operation 


- -N-CHANNEL TMOS: 
BROADBAND RF POWER 


® Facilitates Manual Gain Control, ALC and Modulation Techniques 


MAXIMUM RATINGS es eee & +41 
a aa 


Rating Symbol Value Unit i \ SEATING PLANE I c 

Drain-Source Voltage Voss 65 Vdc { | 
Drain-Gate Voltage . VDGR 65 — -Vde 

(RGs = 1.0 MQ) 
Gate-Source Voltage VGs +40 Vde 

STYLE 3: 

Drain Current — Continuous ID 5.0 Adc PIN 1. SOURCE 
Total Device Dissipation @ Tc = 25°C Pp 87.5 Watts . alte 

Derate above 25°C ; 0.500 . W/°C 4, DRAIN 
Storage Temperature Range Tstg -65 to +150 &¢ ene: = 

MILLIMETERS INCHES 


Operating Junction Temperature Ty 200 °C 


THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 
Thermal Resistance, Junction to Case RaJjc 2.0 °C/W 
Handling and Packaging — MOS devices are susceptible to damage from electrostatic charge. 
Reasonabie precautions in handling and packaging MOS devices should be observed. 


CASE 244-04 


MOTOROLA RF DEVICE DATA 


2-437 


MRF163 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 


Symbot_[ Min [tw [Wax [Une] 


OFF CHARACTERISTICS 


Drain-Source Breakdown Voltage ViBR)DSS 


(VGs = 9, Ip = 10 mA) Lo 

Zero Gate Voltage Drain Current | mAdc 
(Vps = 28 V, Vgs = O) 

Gate-Source Leakage Current Igss 
(Ves = 40 V, Vos = 9) 


ON CHARACTERISTICS 


Gate Threshold Voltage 
(Vps = 10 V, Ip = 25 mA) 


Forward Transconductance 
(Vps = 10 V, Ip = 500 mA) 


DYNAMIC CHARACTERISTICS 


Input Capacitance 
(Vps = 28 V, Vas = 0, f = 1.0 MHz) 


Output Capacitance’ Coss 54 pF 
(Vps = 28 V, Ves = 0, f = 1.0 MHz) . 


Reverse Transfer Capacitance 
(Vps = 28 V, VGs = O, f = 1.0 MHz) 
“FUNCTIONAL CHARACTERISTICS (Figure 1) 


Noise Figure 

(Vps = 28 Vdc, Ip = 500 mA, f = 400 MHz, 

Zs = 3.23 + j2.57 ©, ZL = 2.11 + j2.97 0) 
Common Source Power Gain 

(Vpp = 28 Vdc, Pout = 25 W, f = 400 MHz, Ipg = 25 mA) | 
Drain Efficiency ; 

(Vpp = 28 Vde, Pout = 25 W, f = 400 MHz, Ipg = 25 mA) 


Electrical Ruggedness 
(Vpp = 28 Vdc, Poyt = 25 W, f = 400 MHz, Ilpg = 25 mA, 
VSWR 30:1 at All Phase Angles) 


FIGURE 1 — 400 MHz TEST CIRCUIT 
R3 RFC2 


Vop= 28 V 
Bias C15 
12 + 
Adjust OMe? 613 2 << 
1 C14 = 
7 C8 RF 
| zat Output 
R1 
RF ats 2. 
Input : cork Bos = 
z out 
C1 C5 C2 

C1, C2, C3 — 1-20 pF Johanson or Equivalent R2 — 10 Turns 10 kQ 
C4, C8 — 270 pF, 100 Mil Chip Cap R3 — 1.6 kQ, 1/4 W 
C5, C6 — 18 pF Mini-Unleco or Equivalent RFC1 — 10 Turns, 0.300” ID #20 AWG 
C7 — 12 pF Mini-Unieco or Equivalent Enamei Closewound 
C9 — 0.01 uF, 50 V Disc Ceramic RFC2 — Ferroxcube VK-200 — 19/4B 
C10, C11, C13 — 0.1 uF, 50 V Disc Ceramic Z1 — 1.350" x 0.250" Microstrip 
C12, C15 — 680 pF Feedthru Z2 — 0.600” x 0.250” Microstrip 
C14 — 20 uF, 50 V i Z3 — 0.710" x 0.250” Microstrip 
D1 — 1N5925A Motorola Zener 24 — 1.300" x 0.250” Microstrip 
R1 — 10 kO, 1/4 W Board — Glass Tefion, 62 Mils, e, = 2.56 
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aa 3 — OUTPUT POWER versus INPUT POWER 


FIGURE 2 — OUTPUT POWER versus INPUT POWER 
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FIGURE 4 — OUTPUT POWER versus SUPPLY VOLTAGE 


FIGURE 5 — OUTPUT POWER versus SUPPLY VOLTAGE 
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FIGURE 7 — OUTPUT POWER versus SUPPLY VOLTAGE 


FIGURE 6 — OUTPUT POWER versus SUPPLY VOLTAGE © 


100 MHz 


f- 


225 MHz 


f= 


\\ 

NAN 
NG 
HASH, 


(SLAVM) H3MOd INdino #84 


Vpp. SUPPLY VOLTAGE (VOLTS) 


Vop. SUPPLY sae rae 


MOTOROLA RF DEVICE DATA 


2-439 


MRF163 


FIGURE 8 — OUTPUT POWER versus GATE VOLTAGE FIGURE 9 — DRAIN CURRENT versus GATE VOLTAGE 
| : (TRANSFER CHARACTERISTICS) 
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Sr geseecee 
a -6.0 2.0 0 2.0 4.0 6.0 
Vgg, GATE-SOURCE VOLTAGE (VOLTS) 0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 
Vgs. GATE-SOURCE VOLTAGE (VOLTS) 
| FIGURE 10 — GATE-SOURCE VOLTAGE versus | piGune 11 — CAPACITANCE versus 


CASE TEMPERATURE - DRAIN-SOURCE VOLTAGE 


C, CAPACITANCE (pF) 


Ves. GATE-SOURCE VOLTAGE (NORMALIZED) 


0 4.0 8.0 12 16 20 24 28 
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FIGURE 12 — DC SAFE OPERATING AREA 
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FIGURE 13 — INPUT AND OUTPUT IMPEDANCE 
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FIGURE 14 — COMMON SOURCE SCATTERING PARAMETERS 
50 OHM SYSTEM 


Vps= 28 V, Ip=0.5A 


KR 


d 
0.985 
0.875 
0.841 
0.833 
0.836 
0.838 


¢) 


ne 
oz_| 160 
oe | 70 


-170 4.121 82.3 0.039 0.804 -170 
-171 3.255 78.6 0.039 0.809 -170 


5 


ol 


125 0.838 | -170 | 
300 0.866 -173 

325 0.872 -173 0.032 

350 0.875 -173 

375 0.879 173 0.031 


0.882 
0.888 
0.891 
0.893 
0.901 
0.906 
0.911 


-173 
-173 
-173 
-173 
-173 
a073 
-173 


0.966 44.1 
0.904 41.3 
0.836 39.4 
0.792 
0.748 
0.715 
0.679 


ff 


25 
50 
475 


f 


ol 


25 


575 -173 0.637 

| 600 | 0913 | -173 0.605 0.939 -170 
625 | 0.919 | -174 0.579 0.947 -170 
650 174 0.566 0.961 170 
675 -174 0.540 | 0.963 -170 
700 0.510 0.966 -170 
725 0.485 19.5 0.025 +23.1 0.967 -170 
750 0.481 17.4 0.026 +25.3 | 0.967 -170 
775 0.453 17.2 0.028 +28.0 0.976 -170 
800 0.448 16.8 0.030 +33.8 0.976 -170 
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FIGURE 15 — S44. INPUT REFLECTION COEFFICIENT FIGURE 16 — S12, REVERSE TRANSMISSION COEFFICIENT 
versus FREQUENCY versus FREQUENCY 
Vps=28V,Ip=0.5A Vos =28 V,ID=0.5A 


FIGURE 17 — S24, FORWARD TRANSMISSION COEFFICIENT FIGURE 18 — So2, OUTPUT REFLECTION COEFFICIENT 
versus FREQUENCY versus FREQUENCY 
Vps=28V,Ip=0.5A Vos =28V,Ip=0.5A 
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DESIGN CONSIDERATIONS 

The MRF163 is a TMOS RF power N-Channel enhance- 
ment mode field-effect transistor (FET) designed especial- 
ly for UHF power amplifier applications. Motorola TMOS 
FETs feature a vertical structure with a planar design, 
thus avoiding the processing difficulties associated with 
V-groove vertical power FETs. 

Motorola Application Note AN-211A, FETs in Theory and 
Practice, is suggested reading for those not familiar with 
the construction and characteristics of FETs. 

The major advantages of TMOS RF power FETs include 
high gain, low noise, simple bias systems, relative immu- 
nity from thermal runaway, and the ability to withstand 
severely mismatched loads without suffering damage. 
Power output can be varied over a wide range with a low 
power dc control signal, thus facilitating manual gain 
control, ALC and modulation. 


DC BIAS 

The MRF163 is an enhancement mode FET and, there- 
fore, does not conduct when drain voltage is applied. 
Drain current flows when a positive voltage is applied to 
the gate. See Figure 9 for a typical plot of drain current 
versus gate voltage. RF power FETs require forward bias 
for optimum performance. The value of quiescent drain 
current (IpqQ) is not critical for many applications. The 
MRF163 was characterized at Ipg = 25 mA, which is the 
suggested minimum value of Ipq. For special applications 
such as linear amplification, IpQ may have to be selected 
to optimize the critical parameters. 

The gate is a dc open circuit and draws no current. 
Therefore, the gate bias circuit may generally be just a 


simple resistive divider network. Some applications may 
require a more elaborate bias system. 


GAIN CONTROL 

Power output of the MRF163 may be controlled from its 
rated value down to zero (negative gain) by varying the dc 
gate voltage. This feature facilitates the design of manual 
gain control, AGC/ALC, and modulation systems. (See 
Figure 8.) 


AMPLIFIER DESIGN 

Impedance matching networks similar to those used 
with bipolar UHF transistors are suitable for the MRF163. 
See Motorola Application Note AN-721, Impedance Match- 
ing Networks Applied to RF Power Transistors. The higher 
input impedance of TMOS FETs helps ease the task of 
broadband network design. Both small signal scatter- 
ing parameters and large signal impedances are provided. 
While the s-parameters will not produce an exact design 
solution for high power operation, they do yield a good 
first approximation. This is an additional advantage of 
TMOS power FETs. 

RF power FETs are triode devices and, therefore, not 
unilateral. This, coupled with the very high gain of the 
MRF163, yields a device capable of self oscillation. 
Stability may be achieved by techniques such as drain 
loading, input shunt resistive loading, or output to input 
feedback. Two port parameter stability analysis with the 
MRF163 s-parameters provides a useful tool for selection 
of loading or feedback circuitry to assure stable operation. 
See Motorola Application Note AN-215A for a discussion 
of two port network theory and stability. 


FIGURE 19 — 400 MHz TEST CIRCUIT 
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TECHNICAL DATA 
| MRF171 


The RF TMOS Line 
ete eeeeh ah Sees, aetna 45 W 2.0-200 MHz 


N-CHANNEL TMOS 
BROADBAND RF POWER 


FET 


N-CHANNEL ENHANCEMENT-MODE 
TMOS RF POWER FIELD-EFFECT TRANSISTOR 


.. . designed primarily for wideband large-signal output and driver 
stages in the 2.0-200 MHz frequency range. 


@ Guaranteed Performance at 150 MHz, 28 Vdc 


Output Power = 45 Watts 
Minimum Gain = 12 dB 
Efficiency = 50% (Min) 


® Facilitates Manual Gain Control, ALC and Modulation Techniques 


@ 100% Tested For Load Mismatch At Ail Phase Angles With 
30:1 VSWR 


® Excellent Thermal Stability, Ideally Suited for Class A Operation 
@ Low Noise Figure — 1.5 dB Typ at 1.0 A, 150 MHz 


STYLE 2: 
PIN 7. SOURCE 
2, GATE 
3. SOURCE 
4. DRAIN 


NOTES: 
1. DIMENSIONING AND TOLERANCING PER 
ANSI Y14.5M, 1982. 
2. CONTROLLING DIMENSION: INCH. 


0.960 
9.40 | 9.90 | 0.370 
5.82 7.13 | 0.229 
5.47 5.96 | 0.215 


*Res= 1.0 MO 

Handling and Packaging — MOS devices are susceptible to damage from electrostatic 
charge. Reasonable precautions in handling and packaging MOS devices should be 
observed. 


[18.29 | 18.54 [0.720 


CASE 211-07 
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ELECTRICAL CHARACTERISTICS (T¢ = 25°C unless otherwise noted) 


[Characters «SS yb Min | Wp | Max [Unk 


OFF CHARACTERISTICS 


Drain-Source Breakdown Voitage 
(VGs = 0, Ip = 10 mA) 


Gate-Source Leakage Current 
(VGs = 20 V, Vps = 0) 
ON CHARACTERISTICS 


Gate Threshold Voltage 
(Vps = 10 V, Ip = 25 mA) 


Zero Gate Voltage Drain Current 
(Vps = 28 V, Vgs = 0) . 


Forward Transconductance 
(Vps = 10 V, Ip = 1.0 A) 


VGS(th) 
Le ae 


DYNAMIC CHARACTERISTICS 


Input Capacitance 
(Vps = 28 V, Vgs = O, f = 1.0 MHz) 


Output Capacitance 


(Vps = 28 V, VGs = O, f = 1.0 MHz) 


Reverse Transfer Capacitance 
(Vps = 28 V, Ves = 0, f = 1.0 MHz) 


FUNCTIONAL CHARACTERISTICS 


Noise Figure 
(Vps = 28 Vde, Ip = 1.0 A, f = 150 MHz) 


Common Source Power Gain (Figure 1) 
(Vpp = 28 Vdc, Pout = 45 W, f = 150 MHz, Ilpq = 25 mA) 


Drain Efficiency (Figure 1) 
(Vpp = 28 Vdc, Pout = 45 W, f = 150 MHz, Ipq = 25 mA) 


Electrical Ruggedness (Figure 1) 
(Vpp = 28 Vdc, Pout = 45 W, f = 150 MHz, Ipg = 25 mA, 
VSWR 30:1 at all Phase Angles) 


FIGURE 1 — 150 MHz TEST CIRCUIT 


D1 R3 
Bias : 
Adjust C12 C13 
RFC1 
R2 == 
ad aii DUT 
RF C2 C5 R4 
Input C3 
C1 ef C4 


C1, C6, C7 — 1.0-20 pF Johanson 

C2, C4, C5, C8 — 63 pF ATC Chip (100 mils) 
C3, C10, C18 — 680 pF ATC Chip (100 mils) 

C9 — 12 pF ATC Chip (100 mils) 

C11, C13, C14, C17 — 0.1 wF Erie Redcap, 50 V 
C12 — 25 uF, 50 V 

C15, C16 — 680 pF Feedthru 

D1 — 1N5925A Motorola Zener 

L1 — 2 Turns, #18 AWG, 0.3” ID, 0.3” Long 

L2 — 1-1/4 Turns, #18 AWG, 0.21” ID 
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RFC2 
oea Vpp=28V 
C14|C15 C16 ci 
cB oT C10 
RF 
L4 C18 Output 
C7 co. 


L3 — 1-1/4 Turns, #18 AWG, 0.21” ID 

L4 — 2 Turns, #18 AWG, 0.23” ID, 0.15” Long 

RFC1 — 20 Turns, #20 AWG Enameled, 0.3” ID, 
Close Wound 

RFC2 — 15 Turns, #20 AWG Enameled on 2.0 W, 
10 2 Resistor , 

R1 — 10k, 10 Turns Helipot 7216-R10K-L.25 

R2 — 10 kQ, 1/4 W 

R3 — 1.8 kQ, 1/2 W 

R4 — 470,1/2 W 


MRF171 


FIGURE 3 — OUTPUT POWER versus INPUT POWER 


FIGURE 2 — OUTPUT POWER versus INPUT POWER 
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FIGURE 5 — OUTPUT POWER versus SUPPLY VOLTAGE 


FIGURE 4 — OUTPUT POWER versus SUPPLY VOLTAGE 
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FIGURE 7 — POWER GAIN versus FREQUENCY 
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FIGURE 6 — OUTPUT POWER versus SUPPLY VOLTAGE 


eat 

AL 
ALL 
pL 


(SLLVM) Y3M0d LNdLno 278g 


f, FREQUENCY (NiMz) 


Vpp. SUPPLY VOLTAGE (VOLTS) 


MOTOROLA RF DEVICE DATA 


2-447 


MRF1/1 


DRAIN CURRENT versus GATE VOLTAGE 
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FIGURE 9 — 
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FIGURE 11 — CAPACITANCE versus 


FIGURE 10 — GATE-SOURCE VOLTAGE versus 
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FIGURE 12 — DC SAFE OPERATING AREA 


Hann Sa 


My. 
MT 


ooo fo & 
—T—~ oO ON 


(SdWv) LNJHUND NiIVUG ‘O) 


a ne <a Ea 
- SOO SOs & 


Vos. DRAIN-SOURCE ee ee 


~ MOTOROLA RF DEVICE DATA 


2-448 


MRF171 


N iss 
ro) 


~ 
sila ale 


FIGURE 13 — COMMON SOURCE SCATTERING PARAMETERS 
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FIGURE 14 — S441, INPUT REFLECTION COEFFICIENT FIGURE 15 — S79, REVERSE TRANSMISSION COEFFICIENT 
versus FREQUENCY versus FREQUENCY 
Vos =28V Ip=0.5A Vps=28V Ip=0.5A 


FIGURE 16 — $214, FORWARD TRANSMISSION COEFFICIENT FIGURE 17 — S22, OUTPUT REFLECTION COEFFICIENT 
versus FREQUENCY versus FREQUENCY 
Vps=28V Ip-=0.5A Vps=28V Ip=0.5A 
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DESIGN CONSIDERATIONS 


The MRF171 is a TMOS RF power N-Channel enhance- 
ment mode field-effect transistor (FET) designed especi- 
ally for VHF power amplifier and oscillator applications. 
Motorola TMOS FETs feature a vertical structure with a 
planar design, thus avoiding the processing difficulties 
associated with “V-groove” vertical power FETs. 

Motorola Application Note AN-211A, FETs in Theory and 
Practice, is suggested reading for those not familiar with 
the construction and characteristics of FETs. 

The major advantages of TMOS RF power FETs include 
high-gain, low noise, simple bias systems, relative immu- 
nity from thermal runaway, and the ability to withstand 


severely mismatched loads without suffering. damage. ¢ 


Power output can be varied over a wide range with a low 


power dc control signal, thus facilitating manual gain 


contro!, ALC and modulation. 


DC BIAS 


The MRF171 is an enhancement mode FET and, hate: . 


fore, does not conduct. when drain voltage is applied. 


the gate. See Figure 9 for a typical plot of drain current 
versus gate voltage. RF power FETs require forward bias 


for optimum performance. The value of quiescent drain | 


current (Ipq) is not critical for many applications. The 
MRF171 was characterized at IpQ = 25 mA, which is the 
suggested minimum value of IDQ. For special applications 
such as linear amplification, IpQ may have to noe selected 
to optimize the critical parameters. 

The gate is a dc open circuit and draws no.current. 
Therefore, the gate bias circuit may generally be just a 
simple resistive divider network. Some special applica- 
tions may require a more elaborate bias system. 


GAIN CONTROL 

Power output of the MRF171 may becontrolled from its 
rated value down to zero (negative gain) by varying the dc 
gate voltage. This feature facilitiates the design of manual 
gain control, AGC/ALC, and modulation systems. (See 
Figure 8.) 


AMPLIFIER DESIGN 

Impedance matching networks similar to those used 
with bipolar VHF transistors are suitable for MRF171. See 
Motorola Application Note AN-721, Impedance Matching 
Networks Applied to RF Power Transistors. The higher 


-input impedance of TMOS FETs helps ease the task of 


broadband network design. Both small-signal scattering 
parameters and large-signal impedances are provided. | 
While the s-parameters will not produce an exact design - 
solution for high power operation, they do yield a good 


first approximation. This is an additional advantage of 


Drain current flows when a positive voltage is applied to a MRF171, 


TMOS power FETs. 

RF power FETs are triode devices and, therefore, not 
unilateral. This, coupled with the very high gain of the 
yields a device capable of self oscillation. 
Stability may be achieved: by techniques such as drain 
loading, input shunt resistive loading, or output to input 


feedback. The MRF171 was characterized with a47-ohm 


input shunt loading resistor. Two port parameter stability 
analysis with the MRF 171 s-parameters provides a useful 
tool for selection of loading or feedback circuitry to assure 
stable operation. See Motorola Application Note AN-215A 
for a discussion of two-port network theory and stability. 

Input resistive loading is not feasible inlow noise appli- 


‘cations. The MRF171 noise figure data was generated ina 


circuit with drain loading and a low loss input network. 


FIGURE 18 — 150 MHz TEST CIRCUIT 
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FIGURE 19 — LARGE-SIGNAL SERIES EQUIVALENT 
INPUT/OUTPUT IMPEDANCE 
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TECHNICAL DATA 


N-CHANNEL ENHANCEMENT-MODE 
TMOS RF POWER FIELD-EFFECT TRANSISTOR 


... designed primarily for wideband large-signal output and driver 
stages in the 2.0-200 MHz frequency range. 


@ Guaranteed Performance at 150 MHz, 28 Vdc 


Output Power = 80 Watts 
Minimum Gain = 10 dB 
Efficiency = 50% (Min) 


@ Excellent Thermal Stability, Ideally Suited for Class A Operation 
@ Facilitates Manual Gain Control, ALC and Modulation Techniques 


® 100% Tested For Load Mismatch At All Phase Angles With 
30:1 VSWR 


@ Low Noise Figure— 1.5 dB Typ at 2.0 A, 150 MHz 


0 


MAXIMUM RATINGS 


Rating Symbol 
Drain — Source Voltage , 
Drain — Gate Voltage . 
(Res = 1.0 MQ) 


Drain Current — Continuous 


Total Device Dissipation @ Tc = 25°C 
| Derate above 25°C : W/°C 


| Storage Temperature Range 
| Operating Junction Temperature 


THERMAL CHARACTERISTICS 


; Characteristic 
Thermal Resistance, Junction to Case 


| Handling avd Packaging — MOS devices are susceptible to damage from electrostatic charge. 
Reesonanie precautions in handling and packaging MOS devices should be observed. 
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80W 2.0-200 MHz 


N-CHANNEL TMOS 


BROADBAND RF POWER 


FET 


STYLE 2: 
PIN 1. SOURCE 
2. GATE 
3. SOURCE 
4. DRAIN 


1. DIMENSIONING AND TOLERANCING PER 
ANSI Y14.5M, 1982. 
2, CONTROLLING DIMENSION: INCH, 


MILLIMETERS 


=< 


LA RF DEVICE DATA 


MRF172 


ELECTRICAL ee eee (Tc = 25°C unless otherwise noted) 


[CCharacenradc «YS Svemboh [Min te | Max | Unt 


OFF CHARACTERISTICS 

Drain-Source Breakdown Voltage ViBR)DSS 
(Vgs = 0, Ip = 50 mA) 

Zéro Gate Voltage Drain Current 
(Vps = 28 V, VGs = 0) 

Gate-Source Leakage Current 
(VGS = 20 V, Vps = O) 


ON CHARACTERISTICS 


Gate Threshold Voltage | 
(Vpg = 10 V, Ip = 50 mA) 


Forward Transconductance 
(Vos = 10 V, Ip = 2.0 A) 


DYNAMIC CHARACTERISTICS 


Input Capacita nce 
(Vos = 28 V, Ves = O, f = 1.0 MHz) 


Output Capacitance Coss 
(Vps = 28 V, Ves = 0, f = 1.0 MHz) 
Reverse Transfer Capacitance 
(Vps = 28 V, Ves = 0, f = 1.0 MHz) 


FUNCTIONAL CHARACTERISTICS (Figure 1) 


Common Source Power Gain 
(Vpp = 28 Vdc, Pout = 80 W, f = 150 MHz, lpg = 50 mA) 


Drain Efficiency 
(Vpp = 28 Vdc, Pout = 80 W, f = 150 MHz, Ipq = 50 mA) 


Electrical Ruggedness No Degradation in Output Power 
(Vpp = 28 Vdc, Poyt = 80 W, f = 150 MHz, iIpg = 50 mA, 
VSWR 30:1 at all Phase Angles) 


FIGURE 1 — 150 MHz TEST CIRCUIT 


L4 
Vpp = 28 V 
R2 C12 aaron C13 hi 
, = = + 
Bias R3 4cg | C10| + R1 C14 
Adjust D1 C11 \ 7 
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OUTPUT POWER versus INPUT POWER 


FIGURE 3 — 


OUTPUT POWER versus INPUT POWER 


FIGURE 2 — 
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FIGURE 4 — OUTPUT POWER versus SUPPLY VOLTAGE 


FIGURE 5 — OUTPUT POWER versus SUPPLY VOLTAGE 
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FIGURE 6 — OUTPUT POWER versus SUPPLY VOLTAGE 


FIGURE 7 — POWER GAIN versus FREQUENCY 
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FIGURE 9 — DRAIN CURRENT versus GATE VOLTAGE 
(TRANSFER CHARACTERISTICS) 
Vgs. GATE-SOURCE cae (VOLTS) 
FIGURE 11 — CAPACITANCE versus 
Vos, DRAIN-SOURCE VOLTAGE (VOLTS) 
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FIGURE 12 — DC SAFE OPERATING AREA 
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FIGURE 8 — 
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MRF172 


FIGURE 13 — COMMON SOURCE SCATTERING PARAMETERS 
Vos = 28 V, Ip=2.0A 
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FIGURE 14 — S77. INPUT REFLECTION COEFFICIENT FIGURE 15 — S12, REVERSE TRANSMISSION COEFFICIENT 
versus FREQUENCY versus FREQUENCY 
Vps= 28 V Ip=2.0A Vos = 28 V iIp=2.0A 


+90° 


go 


FIGURE 16 — S21, FORWARD TRANSMISSION COEFFICIENT FIGURE 17 — S22, OUTPUT REFLECTION COEFFICIENT 
versus FREQUENCY versus FREQUENCY 
Vps=28 V Ip=20A Vps=28V Ip=2.0A 
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DESIGN CONSIDERATIONS 


The MRF172 is a TMOS RF power N-channel enhance- - 


ment mode field-effect transistor (FET) designed for VHF 
power amplifier applications. Motorola TMOS FETs fea- 
ture a vertical structure with a planar design, thus avoid- 
ing the processing difficulties associated with V-groove 
MOS power FETs. 

Motorola Application Note AN-211A, FETs in Theory and 
Practice, is suggested reading for those not familiar with 
the construction and characteristics of FETs. 

The major advantages of TMOS RF power FETs include 

high gain, low noise, simple bias systems, relative immun- 
ity from thermal runaway, and the ability to withstand 
severely mismatched loads without suffering damage. 
Power output can be varied over a wide range with a low 
power dc control signal, thus facilitating manual gain 
control, ALC and modulation. 

DC BIAS 

The MRF172 is an enhancement mode FET and, there- 
fore, does not conduct when drain voltage is applied. 
Drain current flows when a positive voltage is applied to 
the gate. See Figure 9 for a typical plot of drain current 
versus gate voltage. RF power FETs require forward bias 
for optimum performance. The value of quiescent drain 
current (Ipq) is not critical for many applications. The 
MRF172 was characterized at IpQ = 50 mA, which is the 


suggested minimum value of |pq. For special applications 
such as linear amplification, IpQ may have to be selected 
to optimize the critical parameters. : 

The gate is a dc open circuit and draws no current. 
Therefore, the gate bias circuit may generally be just a 
simple resistive divider network. Some special applica- 
tions may require a more elaborate bias system. 
GAIN CONTROL 

Power output of the MRF172 may be controlled from its 
rated value down to zero (negative gain) by varying the dc 
gate voltage. This feature facilitates the design of manual 
gain control, AGC/ALC, and modulation systems. (See 
Figure 8.) 
AMPLIFIER DESIGN 

Impedance matching networks similar to those used | 
with bipolar VHF transistors are suitable for MRF172. See 
Motorola Application Note AN-721, Impedance Matching 
Networks Applied to RF Power Transistors. The higher 
input impedance of TMOS FETs helps ease the task of 
broadband network design. Both small-signal scatter- 
ing parameters and large-signal impedances are provided. 
While the s-parameters will not produce an exact design 
solution for high power operation, they do yield a good 
first approximation. This is an additional advantage of 
TMOS power FETs. 


FIGURE 18 — 150 MHz TEST CIRCUIT 
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FIGURE 19 — SERIES EQUIVALENT INPUT IMPEDANCE, Zin 
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MOTOROLA —s_| | or 
m= SEMICONDUCTOR SEE 
TECHNICAL DATA 


N-CHANNEL ENHANCEMENT-MODE 
TMOS RF POWER FIELD-EFFECT TRANSISTOR 


. .. designed primarily for wideband large-signal output and driver 


MRF174 


125 W 2.0-200 MHz 


N-CHANNEL TMOS 
BROADBAND RF POWER 


FET 
stages in the 2.0-200 MHz frequency range. : 
®@ Guaranteed Performance at 150 MHz, 28 Vdc 


Output Power = 125 Watts 
~Minimum Gain = 9.0 dB 
Efficiency = 50% (Min) 


® Excellent Thermal Stability, Ideally Suited for Class A Operation 
® Facilitates Manual Gain Control, ALC and Modulation Techniques 


@ 100% Tested For Load Mismatch At All Phase Angles With 
30:1 VSWR 


® Low Noise Figure — 3.0 dB Typ at 2.0 A, 150 MHz 


STYLE 2: 
PIN 1. SOURCE 
2. GATE 
3. SOURCE 
4. DRAIN 


MAXIMUM RATINGS 


Drain — Source Voltage 


Drain — Gate Voltage *s 
(Rgs = 1.0 MQ) 

NOTES: 
1. DIMENSIONING AND TOLERANCING PER 


ANSI Y14.5M, 1982. 
2. CONTROLLING DIMENSION: INCH. 


MILLIMETERS 


THERMAL CHARACTERISTICS 


_ Characteristic | 


| Thermal Resistance, Junction to Case 


‘Handiing and Packaging — MOS devices are susceptible to damage from electrostatic charge. 
Reasonable precautions in handling and packaging MOS devices should be observed. 


2.93 
6.25 6.47 | 0,246 


CASE 211-11 
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ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 


OFF CHARACTERISTICS : 


| Drain-Source Breakdown Voltage 
1 - (VGs = 0, Ip = 50 mA) | 


| Zero Gate Voltage Drain Current 
(Vps = 28 V, VGs = 0) 


Gate-Source Leakage Current | — 
(VGs = 20 V, Vps = 0) 
ON CHARACTERISTICS 


Gate Threshold Voltage . 
(Vps = 10 V, Ip = 100 mA) | 


Forward Transconductance 
(Vps= 10 V, Ip = 3.0 A) 


DYNAMIC CHARACTERISTICS 


Input Capacitance 
(Vps = 28 V, Ves = 0, f = 1.0 MHz) 


Output Capacitance Coss 
(Vps = 28 V, Veg = 0, f = 1.0 MHz) 
Reverse Transfer Capacitance i Crss 
| (Vps= 28 V, Ves = 0, f = 1.0 MHz) | | 
FUNCTIONAL CHARACTERISTICS (Figure 1). 


Noise Figure _ ae 


(Vpp = 28 Vdc, Ip = 2.0 A, f = 150 MHz) 


Common Source Power Gain . 

(Vpp = 28 Vdc, Pout = 125 W, f = 150 MHz, Ipq = 100 mA) 
Drain Efficiency 

(Vpp = 28 Vdc, Poyt = 125 W, f = 150 MHz, Ipg = 100 mA) 


Electrical Ruggedness 
(Vpp = 28 Vdc, Pout = 125 W, f = 150 MHz, Ipg= 100 mA, 
VSWR 30:1 at all Phase Angles) 


FIGURE 1 — 150 MHz TEST CIRCUIT 
L4 
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Bias R38 
Adjust : 
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1 C2 if 
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C6 — 40 pF Unleco - L4— 10 Turns #16 AWG Enameled Wire on R1 _ 


C7 — Arco 461, 2.7-30 pF ’ Gay. 
RFC1 — 3” 
C8 Arco 463, 9-180 pF | - C1 — 18 Turns #16 AWG Enameled Wire, 0.3” ID 


C9, C11,C14 — 0.1 uF Erie Redcap 
C10 — 50 uF, 50 V 

' C12, C13 — 680 pF Feedthru 
D1 — 1N5925A Motorola Zener 


R1—100,2.0W . 
R2 — 1.8k0,1/2 W . 

R3 — 10 kQ, 10 Turn Bourns 

R4 — 10 kQ, 1/4 W 
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FIGURE 2 — OUTPUT POWER versus INPUT POWER 


FIGURE 3 — OUTPUT POWER versus INPUT POWER 
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OUTPUT POWER versus SUPPLY VOLTAGE 
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FIGURE 6 — OUTPUT POWER versus SUPPLY VOLTAGE 
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FIGURE 9 — DRAIN CURRENT versus GATE VOLTAGE 


__ FIGURE 8 — OUTPUT POWER versus GATE VOLTAGE 
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FIGURE 10 — GATE-SOURCE VOLTAGE versus 


_ FIGURE 11 — CAPACITANCE versus 
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FIGURE 13 — COMMON SOURCE SCATTERING PARAMETERS 
Vos = 28 V, ip =3.0A 
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FIGURE 14 — S14, INPUT REFLECTION COEFFICIENT FIGURE 15 — S79, REVERSE TRANSMISSION COEFFICIENT 
versus FREQUENCY versus FREQUENCY 
Vps = 28 V Ip=3.0A Vps=28 Vv Ip=3.0A 
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FIGURE 16 — S24, FORWARD TRANSMISSION COEFFICIENT FIGURE 17 — S22, OUTPUT REFLECTION COEFFICIENT 


versus FREQUENCY versus FREQUENCY 
Vps=28 V Ip=3.0A Vps= 28 V Ip=3.0A 
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DESIGN CONSIDERATIONS 


The MRF 1 74 is a TMOS RF power N-channel enhance- 
ment mode field-effect transistor (FET) designed for VHF 
power amplifier applications. Motorola TMOS FETs fea- 


ture a vertical structure with a planar design, thus avoid- 


ing the processing difficulties associated with V-groove 
MOS power FETs. 

Motorola Application Note AN-211A, FETs in Theory and 
Practice, is suggested reading for those not familiar with 
the construction and characteristics of FETs. 

The major advantages of TMOS RF power FETs include 
high gain, low noise, simple bias systems, relative immun- 
ity from thermal runaway, and the ability to withstand 
severely mismatched loads without suffering damage. 
Power output can be varied over a wide range with a low 
power dc control signal, thus facilitating manual gain 
control, ALC and modulation. 


DC BIAS 

The MRF174 is an enhancement mode FET and, there- 
fore, does not conduct when drain voltage is applied. 
Drain current flows when a positive voltage is applied to 
the gate. See Figure 9 for a typical plot of drain current 
versus gate voltage. RF power FETs require forward bias 
for optimum performance. The value of quiescent drain 
current (Ipq) is not critical for many applications. The 
MRF 174 was characterized at |IpQ= 100 mA, which is the 


suggested minimum value of I|pq. For special applications 
such as linear amplification, |pQ may have to be selected 
to optimize the critical parameters. 

The gate is a dc open circuit and draws no current. 
Therefore, the gate bias circuit may generally be just a- 
simple resistive divider network. Some special applica- 
tions may require a more elaborate bias system. 

GAIN CONTROL 

Power output of the MRF1 74 may be controlled from its 
rated value down to zero (negative gain) by varying the dc 
gate voltage. This feature facilitates the design of manual 
gain control, AGC/ALC, and modulation systems. (See 
Figure 8.) 


AMPLIFIER DESIGN 

Impedance matching networks similar to those used 
with bipolar VHF transistors are suitable for MRF1 74. See 
Motorola Application Note AN-721, Impedance Matching 
Networks Applied to RF Power Transistors. The higher 
input impedance of TMOS FETs helps ease the task of 
broadband network design. Both small-signal scatter- 
ing parameters and large-signal impedances are provided. 
While the s-parameters will not produce an exact design 
solution for high power operation, they do yield a good 
first approximation. This is an additional advantage of 
TMOS power FETs. 


FIGURE 18 — 150 MHz TEST CIRCUIT 
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FIGURE 19 — SERIES EQUIVALENT INPUT AND OUTPUT IMPEDANCE, Z,,,, Zo.* 
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MOTOROLA 
=a SEMICONDUCTOR =m 
TECHNICAL DATA 


MIRFO211 


The RF Line MRFO2Z11L 
NPN Silicon | 


High-Frequency Transistor 
i SURFACE MOUNT 


... designed primarily for use in the high-gain, low-noise small-signal amplifiers HIGH FREQUENCY 
for operation up to 3.5 GHz. Also usable in applications requiring fast switching TRANSISTOR 
times. | . | NPN SILICON 
-@ High Current-Gain-Bandwidth Product — fy = 5.5 GHz (Typ) @ Ic = 40 mAdc 
® Low Noise Figure @ f = 1 GHz — NF(matched) = 1-8 dB (Typ) 
@ High Power Gain — Gye (matched) = 13 dB (Typ) 
® Surface Mount SOT-143 Offers Improved RF Performance. 
Lower Package Parasitics : 
Higher Gain 
Available In Both Standard and Low Profile Packages 
Tape and Reel Packaging Options 
Higher Voltage Version of MRF5711 


El i imi CASE 318B-03, STYLE 1 
ectrically Similar to NEC NE 02133 ST ANDAED PROBLE 


MRF0211 


CASE 318A-04, STYLE 1 
LOW PROFILE 
MRF0211L 


MAXIMUM RATINGS 


Rating 


Collector-Emitter Voltage . VCEO FB Vd 


Collector-Base Voltage VCBO Vdc 
Emitter-Base Voltage VEBO V 


Collector-Current — Continuous Ic i ae mAdc 


| Symbol | 
| VEO 
| Voso _ 
| VEBO 
| | ic | 7 
A ln 
Derate above 25°C | 4.64 mW/°C 


i 


Total Device Dissipation @ Tc = 75°C (Note 1) 0.58 Watts 
7.73 mWw/°C 


dc 
Derate above 75°C 
ig 


Maximum Junction Temperature 


Storage Temperature Range Tstg —65 to + 150 


THERMAL CHARACTERISTICS : 


Characteristic 


Thermal Resistance, Junction to Ambient 


2 


_ | Thermal Resistance, Junction to Case 
DEVICE MARKING 
MRFO211 = 15 
ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 


Characteristic | Symbol | Min | typ | Max | unit | 
OFF CHARACTERISTICS | | 7 
ee ee 
at Pee 


Collector-Emitter Breakdown Voltage (Ic = 1 mAdc, Ip = 0) V(BR)CEO 


Collector-Base Breakdown Voltage (Ic = 0.1 mAdc, Ig = 0) V(BR)CBO 
Emitter-Base Breakdown Voltage (Ip = 50 wAdc, Ic = 0) V(BR)EBO 


Collector Cutoff Current (Vcg = 15 Vdc, IE = 0) ICBO 


Note 1. Case Temperature is measured on the collector lead where it first contacts 
the printed circuit board closest to the package. 
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ELECTRICAL CHARACTERISTICS — continued (Tc = 25°C unless otherwise noted.) 


[CC haracit————*«dCS abot | Min | typ [Ma [Une 


ON CHARACTERISTICS 


DC Current Gain hFE 
(I¢ = 30 mAdc, VcEe = 5 Vde) 


DYNAMIC CHARACTERISTICS 


Collector-Base Capacitance 


(VcB = 10 Vde, Ie = 0, f = 1 MHz) 
Current Gain — Bandwidth Product Figure 7 fT GHz 
(VCE = 10 Vdc, Ic = 40 mA, f = 1 GHz) 


FUNCTIONAL TESTS 
GNFmin 
19 
13 
09 


Figure 1 


Figure 4 


Gain at Noise Figure (Tuned) 
(VcE = 10 Vde, Ic = 5 mAdc) 
NFmin 


Noise Figure (Tuned) 
(VcE = 10 Vdc, Ic = 5 mAdc) 


Power Gain in 50 0 System 


Figure 2 GNF 
(VCE = 10 Vdc, Ic = 5 mA, f = 1 GHz) 
Noise Figure in 50 0 System Figure 2 NF 2.7 3 
(VcE = 10 Vde, Ic = 5 mA, f = 1 GHz) 
Insertion Gain | S912 13.5 
(VCE = 10 Vdc, Ic = 25 mA, f = 1 GHz) . 
Maximum Unilateral Gain GUmax 
(VCE = 10 Vde, I¢ = 25 mA, f = 1 GHz) 


2 
Fe ea ae Se ee (eres ie a 
re ae ae a ee 
i ee a a a : 
iss Cs a a : 
{SSSeageee . 
<< Lu 
ox 0.8}. — {tem | 2 
2 8 Da ge : 
xe a Sa 
0.2 
+ ieee Os ee ee 
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Veb, COLLECTOR-BASE VOLTAGE (VOLTS) f, FREQUENCY (GHz) 


Figure 2. Gain and Noise Figure 


Figure 1. Device Capacitances versus Voltage 
versus Frequency 


RF OUTPUT 


RF INPUT 


*BIAS **SLUG TUNER 
TEE 


= *MICROLAB **MICROLAB/FXR 
HW-XXN SF — 11N < 1 GHz 
AS APPLICABLE SF — 31N > 1 GHz 


Figure 3. Functional Circuit Schematic 
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Figure 4. Gain at Noise Figure and Noise Figure 


versus Frequency — 


WAT 


4 oo fos) a7 —) 


(ap NIV9 


yal 
(1—|S44/4)(1 —|So9l 
rea 
= 


{, FREQUENCY (GHz) 


LI. 
fe 


* ~ Ig, COLLECTOR CURRENT (mA) c 
--. Figure 7. Gain-Bandwidth Product = 


Figure 6. hae and Insertion Gain 7 


versus Collector Current 


_ versus Frequency 


MOTOROLA RF DEVICE DATA 


2-471 


MRFO211, MRFO211L. 


COMMON EMITTER S-PARAMETERS 
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MOTOROLA 
‘TECHNICAL DATA 


NPN SILICON RF POWER TRANSISTOR 


... designed for 12.5 Volt large-signal power amplifier applica- 
tions in communication equipment operating at 225 MHz. 
@ Specified 12.5 Volt, 225 MHz Characteristics — __ 
Output Power = 13 Watts 
Minimum Gain = 9.0 dB 
Efficiency = 50% | 
® Characterized With Series Equivalent Large-Signal Impedance 
Parameters | | 
@ Designed to Withstand Load Mismatch at all Phase Angles with 
20:1 VSWR 


MAXIMUM RATINGS 7 ; | 
Collector-Emitter Voltage | Vceo | 18 Vdc 


Total Device Dissipation @ Tc = 25°C (1) 
Derate above 25°C 


Storage Temperature Range 


| Stud Torque (2) 


(1) This device is designed for RF operation. The total device dissipation rating applies 
only when the device is operated as a Class C RF amplifier. 
(2) For repeated assembly, use 5 In. Lb. 


FIGURE 1 — 225 MHz TEST CIRCUIT SCHEMATIC 
cio ESS cia 


C11 


RFC 2 


a+r) 


c3 C4. RFC 1 | 


RF 
Output 


CS= cé7 C7>- 


C1,2,8,9 18 pF Chip Cap 50 V RFC 2 0.15 wpH Molded Choke 

c3 15 pF UNELCO u1 0.15 x 3.15 inch Microstrip 
C4,5 80 pF UNELCO L2 0.15 x 0.56 inch Microstrip 
cé 25 pF UNELCO L3 0.15 x 1.4 inch Microstrip 
C7 7.0 pF UNELCO L4 0.15 x 2.35 inch Microstrip 
C10,12 680 pF Feedthru ALLEN BRADLEY LS 0.15 x 0.5 inch Microstrip 
c11 1.0 uF, 35 V Tantalum Board is G10 3x 5 x 0.062 inch 


RFC 1,3 Ferroxcubs VK200 En =5— 
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13 W — 225 MHz 


_ RF POWER 
TRANSISTOR 
NPN SILICON 


8-32UNC-2A 
WRENCH FLAT 


PIN 1, EMITTER 
2. BASE. 
3. EMITTER 
4. COLLECTOR 


NOTES: 
1. DIMENSIONING AND TOLERANCING PER ANSI 
Y14.5M, 1982. 
2. CONTROLLING DIMENSION: INCH. 


CASE 145A-09 


‘MRF226 


Pout. OUTPUT POWER (WATTS) 


L 0 05. 10 15. #20 #225 #250 35 4.0 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 


[Characteristic = Symbot =] min =| Mx] CUnit 
OFF CHARACTERISTICS | 


Collector Emitter Breakdown Voltage a ) V(BR)CEO i‘ | | Vde | 
(I¢=15mAdc,Ig=0) | | ! 

| Collector-Base Breakdown Voltage V(BR)CBO _ Mde 

| (Ig = 5.0 mAde, Ig = 0) = | | 

| Emitter-Base Breakdown Voltage 7 | V(BR)EBO - Vde | 

(\e = 2.5mAdc, Ic = 0) 

Collector Cutoff Current | lego | | mAde | 
(Vp = 15 Vde, Ie = 0) : | 


ON CHARACTERISTICS 


| DC Current Gain 
(Ic = 250 mAdc, VcE = 5.0 Vdc) 


FUNCTIONAL TEST (Figure 1) 


Common-Emitter Amplifier Power Gain 
(Pout = 13 W, Vec = 12.5 Vde, f = 225 MHz) 


Collector Efficiency 
~ (Pout = 13 W, Vcc = 12.5 Vde, f = 225 MHz) 


FIGURE 2 — OUTPUT POWER versus INPUT POWER FIGURE 3 — SERIES EQUIVALENT IMPEDANCE 


+} 


CT 
RoE 
saree 

CoM PAL 
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MOTOROLA | | | | 
TECHNICAL DATA 


The RF Line _ 


_ NPN SILICON RF POWER TRANSISTOR 


... designed for 12.5 Volt large-signal power amplifier applica- 
tions in communication equipment operating at 225 MHz. Ideally 
suited for Class E citizens band radio. . 
® Specified 12.5 Volt, 225 MHz Characteristics — 
Output Power = 3.0 Watts 
Minimum Gain = 13.5 dB 
Efficiency = 60% 
~ ® Characterized With Series Equivalent Large-Signal Impedance 
- Parameters . 7) : 
@ Grounded Emitter TO-206AF (TO-39).Package for High Gain 
and Excellent Heat Dissipation . 
@ Replaces Medium Power Stud Mount Devices 


MAXIMUM RATINGS 
Rating 


Total Power Dissipation @ Tc = 25°C 
Derate above 25°C . 


| Storage Temperature Range 
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MRF227 


3W — 225 MHz 


RF POWER © 
TRANSISTOR 


NPN SILICON 


~ STYLE 5: 


PIN 1. COLLECTOR 
2. BASE 


zemier — [+] 60.36 (0.014) ® [tT] A @| 4 | 


NOTES: 

1. DIMENSIONING AND TOLERANCING PER ANSI 
Y14.5M, 1982. , 

* 2. CONTROLLING DIMENSION: INCH. 

3. DIMENSION J MEASURED FROM DIMENSION A 
MAXIMUM. . 

4, DIMENSION B SHALL NOT VARY MORE THAN 0.25 

- (0.010) IN ZONE R. THIS ZONE CONTROLLED FOR 
AUTOMATIC HANDLING. 

5. DIMENSION F APPLIES BETWEEN DIMENSION P 
AND L. DIMENSION D APPLIES BETWEEN 
DIMENSION L AND K MINIMUM. LEAD DIAMETER 
IS UNCONTROLLED IN DIMENSION P AND 
BEYOND DIMENSION K MINIMUM. 


MILLIMETERS | INCHES _| 
| MIN | 

| 9.29 | 0.355 | 0.366 | 

| 850 | 0.315 | 0.335 | 

| 457 | 0.165 | 0.180 


| 053 | 0.017 | 0.021 | 
0.017 
10.016 _| 
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CASE 79-05 
TO-206AF 
(TO-39) 


MRF227 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(Ic = 50 mAdc, tg = O) 

Collector-Emitter Breakdown Voltage 
(Ic = 50 mAdc, Vee = 0) 


Emitter-Base Breakdown Voltage 
(te = 1.0 mAdc, Ic = 0) 


Collector Cutoff Current 
(VcE = 15 Vde, Vee = 0, Tc = 55°C) 


Collector Cutoff Current 
(Vcp = 15 Vdc, Ie = 0) 


ON CHARACTERISTICS 


DC Current Gain 
(Ic = 100 mAdc, VcE = 5.0 Vdc) 


DYNAMIC CHARACTERISTICS 


Output Capacitance 
(Vcpg = 12.5 Vdc, Ie = O, f = 1.0 MHz) 


FUNCTIONAL TESTS 


Common-Emitter Amplifier Power Gain 
(Pout = 3.0 W, Voc = 12.5 Vde, f = 225 MHz) 


Collector Efficiency 
(Pout = 3.0 W, Vcc = 12.5 Vde, f = 225 MHz) 


FIGURE 1 — 225 MHz TEST CIRCUIT 


C1,C2,C3,C4 ARCO 420 

C5 1000 pF, UNELCO 
C6 0.047 pF, ERIE 

C7 1.0 pF, TANTALUM 


L1 #18 AWG, 1’' Wire Length 
L2 VK200-4 Ferroxcube 


L3 1 Turn, #18 AWG, 1/4. ID x 
2”’ Wire Length 


.L4 0.15 WH DELEVAN Molded Choke 


“Board — Glass Teflon, Ep = 2.56, t = 0.062” 
Input/Output Connectors — Type N 
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FIGURE 2 ~ INPUT POWER versus OUTPUT POWER — 125 V 
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to Vec = 12.5 Volts 
= f= 225 MHz 
ra (Tuned @ 3 W out) 
=> 
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© 
Pin, INPUT POWER (WATTS) 
FIGURE 3 — INPUT POWER versus OUTPUT POWER — 13.6 V FIGURE 4 — INPUT POWER versus OUTPUT POWER — 7.5 V 
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Pin, INPUT POWER (WATTS) 
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FIGURE 5 — OUTPUT POWER versus SUPPLY VOLTAGE 
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FIGURE 6 — SERIES EQUIVALENT IMPEDANCE 
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*ZoL = Conjugate of the optimum load impedance into which the device output 
operates at a given output power, voltage and frequency. 
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MOTOROLA 


m= SEMICONDUCTOR 
TECHNICAL DATA Pap Soe 


MRF229 
The RF Line a OM Mice 1.5 W —90 MHz 


RF POWER 
TRANSISTOR 


NPN SILICON RF POWER TRANSISTORS skate 


euey designed for 12.5 Volt, mid-band large-signal amplifier appli- 
cations in industrial and commercial FM equipment operating in the 
40 to 100 MHz range. 


@ Specified 12.5 Volt, 90 MHz Characteristics — 

Output Power = 1.5 Watts 
Minimum Gain = 10 dB 
Efficiency = 55% . 

100% Tested for Load Mismatch at all Phase Angles with 
30:1 VSWR 

Characterized with Series Equivalent Large-Signal Impedance 
Parameters . 


Characterized with Parallel Equivalent Large-Signal Impedance 
Parameters 


MRF229 — Emitter Connected to Case 


STYLE 5: 


PIN 1. COLLECTOR 
O BAGE ene D 3 PL 


emer — [4/6036 (0014 ® [Tt] A @] H © 


NOTES: 
1. DIMENSIONING AND TOLERANCING PER ANSI 


Y14.5M, 1982. 
MAXIMUM RATINGS 2. CONTROLLING DIMENSION: INCH. 


3. DIMENSION J MEASURED FROM DIMENSION A 


MAXIMUM, . 
Collector-Emitter Voltage VCEO 4. DIMENSION B SHALL NOT VARY MORE THAN 0.25 
’ -Base Voltage 36 (0.010) IN ZONE R. THIS ZONE CONTROLLED FOR 
Co acids Base Voltag CBO AUTOMATIC HANDLING. 
Emitter-Base Voltage VEBO 5. DIMENSION F APPLIES BETWEEN DIMENSION P 


AND L. DIMENSION D APPLIES BETWEEN 

DIMENSION L AND K MINIMUM. LEAD DIAMETER 

Total Device Dissipation @ Tc = 25°C (1). IS UNCONTROLLED IN DIMENSION P AND 
Derate above 25°C BEYOND DIMENSION K MINIMUM. 


Storage Temperature Range -65 to +200 ba & Fy | MMLIMETERS | _—__INCHES 

pueigereecters 
THERMAL CHARACTERISTICS 

| B | 801 | 850 | 0315 | 0.335 | 

| Characteristic =| Symbol | Max | Unit_ Pc [40 | 457 [0.165 [0.180 

Thermal Resistance, Junction to Case R@ JC po 088 Foor | oat | 

| F | 041 [ 048 | 

| G | 508Bsc | 0.200BSC_ | 

pf OR 72 86 | 0.028 | 0.034_| 


(1) This device is designed for RF operation. The total device dissipation rating applies 
only when the device is operated as a Class C RF Amplifier. 


J | 074 | 1.01 | 0.029 | 0.040_| 

|_K | 1270 | 19.05 | 0.500 _| 

| | — | 020 [ — | 

| M | 4s°psc_ | asrBsc 

| Po] — | 127 | — | 0.050 | 

| R | 254 | — | 0100 | — | 
CASE 79-05 
TO-206AF 
(TO-39) 
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ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 
| Characteristic | [.symbot | | 
OFF CHARACTERISTICS Ses faeen ett etame ie tee ES _ 
| Collector-Emitter Breakdown Voltage 
(Ic = 25 mAdc, |g = 0) 
Collector-Emitter Breakdown Voltage = 
(Ic = 25 mAdc, Vge = 0) 


Emitter-Base Breakdown Voltage —- 
(Ie = 0.25 mAdc, Ic = 0) 


Collector Cutoff Current 
(Vcp = 15 Vde, Ie = 0) 
“ON CHARACTERISTICS 7 ieee 
DC Current Gain 
(I¢ = 250 mAdc, VcE = 5.0 Vdc) 
DYNAMIC CHARACTERISTICS 


V(BR)CEO 


Output Capacitance 
(Vog = 12.5 Vde, Ie = 0, f = 1.0 MHz) 
FUNCTIONAL TESTS (Figure 1) 

Common-Emitter Amplifier Power Gain 

(Vcc = 12.5 Vdc, Poyt = 1.5 W, f = 90 MHz) 
Collector Efficiency eid 

(Vcc = 12.5 Vde, Poyt = 1.5 W, f = 90 MHz) 
on 

(Voc = 12.5 Vde, Poyt = 1.5 W, 

f = 90 MHz, Tc <25°C) 


CRETE AEROS As NT 


No Degradation in 
Output Power 


SS ACER SEPERATE 


FIGURE 1 — 90 MHz TEST CIRCUIT SCHEMATIC 


RF 
Input 


C1 5.0-80 pF, ARCO 462 cg 20 WF, 15 Vde TANTALUM 

C2,C6 25-280 pF, ARCO 464 L1 2 Turns, #18 AWG, 3/8" |.D. 3/8"' Long 
C3 250 pF UNELCO L2 2.5 Turns, #20 AWG, on Ferrite Bead. 

C4 10 pF UNELCO FERROXCUBE 56-590-65-3B 

cs 9.0-180 pF, ARCO 463 L3 3 Turns, 7/18 AWG, 3/8" 1.D., 1/2" Long 
C7 1000 pF UNELCO L4 0.68 wH, 9230-16 MILLER Molded Choke 
C8 0.47 wF ERIE Disc Ceramic L5 Ferrite Bead, FERROXCUBE 56-590-65-3B 


R1 4.7 OHM, 1/2 W, 10% Carbon 
Input/Output Connectors — Type BNC 
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FIGURE 2 — OUTPUT POWER versus INPUT POWER FIGURE 3 — OUTPUT POWER versus FREQUENCY 
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FIGURE 4 — OUTPUT POWER versus SUPPLY VOLTAGE 
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*Zo_ = Conjugate of the optimum load impedance into which the device output 
operates at a given output power, voltage and frequency. 
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FIGURE 7 ~ PARALLEL EQUIVALENT INPUT CAPACITANCE 


FIGURE 6 — PARALLEL EQUIVALENT INPUT RESISTANCE 


versus FREQUENCY 


versus FREQUENCY 


Vcc = 12.5 Vde 
Pout = 1.5 W 


Vec= 12.5 Vde 


(44) SONVLIQVdV9 LAdNI 
INJIVAINDS 1371 Wud ‘U9 


(SWHO) JINVILSISSY LAdNI 
INJTVAINDS 137 1d “UY 


f, FREQUENCY (MHz) 


f, FREQUENCY (MHz) 


— PARALLEL EQUIVALENT OUTPUT CAPACITANCE 
versus FREQUENCY 


FIGURE 9 


versus FREQUENCY 
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FIGURE 8 — PARALLEL EQUIVALENT OUTPUT RESISTANCE 
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MOTOROLA RF DEVICE DATA 
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MOTOROLA 
Ee SEMICONDUCPOR yy ee 
TECHNICAL DATA MRF232 


The RF Line siipee Sp 


RF POWER 
TRANSISTOR 


NPN SILICON RF POWER TRANSISTOR NPN SILICON 


... designed for 12.5 Volt, mid-band large-signal amplifier appli- 
cations in industrial and commercial FM equipment operating in the 
40 to 100 MHz range. 


Specified 12.5 Volt, 90 MHz Characteristics — 
Output Power = 7.5 Watts 
Minimum Gain = 9.0 dB 
Efficiency = 55% 

100% Tested for Load Mismatch at all Phase Angles with 30:1 
VSWR 

Characterized with Series Equivalent Large-Signal Impedance 
Parameters 

Characterized with Parallel Equivalent Large-Signal Impedance 
Parameters 


MAXIMUM RATINGS 
Rating 


PIN 1. EMITTER 
2. BASE 
3. EMITTER 
4, COLLECTOR 


Collector Current — Continuous 


Tota! Device Dissipation @ Tc = 25°C (1) 
Derate above 25°C 


NOTES: 
1. DIMENSIONING AND TOLERANCING PER ANS! 
Y14.5M, 1982. 


Storage Temperature Range 2. CONTROLLING DIMENSION: INCH. 


ion MILLIMETERS [| INCHES | 
| MIN | 


| MAX" | MIN | MAX | 
LA | 940 | 9.78 | 0.370 | 0.385 | 
| B | 813 | 8.38 | 0.320 | 


THERMAL CHARACTERISTICS | 0.330 _| 
[| ¢ | 17.02 | 20.07 | 0.670 | 0.790 _| 
| D | | 597 | 0.215 | 0.235 | 


Thermal Resistance, Junction to Case 


| K | 12.45 | 

[ t | 140 | 1.78 | 0.055 | 0.070 
| M | 45°NOM | 45°NOM 
PP ot = [127 | — J 0.050 _| 
LR | 7.59 | 7.80 | 0.299 | 0.307 
| S$ | 401 | 452 | 0.158 | 0.178 


| T | 211 | 254 | 0.083 | 0,100 _| 
| U | 249 | 3.35 | 0.098 | 0.132_| 


(1) This device is designed for RF operation. The total device dissipation rating applies 
only when the device is operated as a Class C RF Amplifier. 
(2) For repeated assembly use 5 In. Lb. 


CASE 145A-09 


MOTOROLA RF DEVICE DATA 


2-483 


MRF232 


ELECTRICAL CHARACTERISTICS (T¢ = 25°C unless otherwise noted.) 


Characteristic 


_ OFF CHARACTERISTICS 


-Collector-Emitter Breakdown Voltage V(BR)CEO 
_ (I¢ = 50 mAdc, Ig = 0) | Pee 
Collector-Emitter Breakdown Voltage V(BR)CES 


(Ic = 50 mAdc, Vege = 0) 


Emitter-Base Breakdown. Voltage 
(ig = 2.5 mAdc, Ic = 0) 


Collector Cutoff Current 
(Vcp = 15 Vdc, Ie = 0) 


_ON CHARACTERISTICS 


DC Current Gain 
(i¢ = 500 mAdc, Vcg = 5.0 Vdc) 


DYNAMIC CHARACTERISTICS 


Output Capacitance 
(Vcp = 12.5 Vde, Ile = 0, f = 1.0 MHz) 


FUNCTIONAL TESTS (Figure 1) 


| Common-Emitter Amplifier Power Gain 
(Vcc = 12.5 Vde, Poyt = 7.5 W, f = 90 MHz) 


Collector Efficiency 

(Voc = 12.5 Vde, Poyt = 7.5 W, f = 90 MHz) 
Load Mismatch 

(Voc = 12.5 Vde, Poyt = 7.5 W, 

f = 90 MHz, Tc <25°C) 


No Degradation in 
Output Power 


FIGURE 1 — 90 MHz TEST CIRCUIT SCHEMATIC 


RF 
Output 


5.0-80 pF, ARCO 462 L1 3 Turns, #18 AWG, 3/8” |.D., 3/8’ Long 
9.0-180 pF, ARCO 463 L2 FERROXCUBE VK200-20-4B Ferrite Choke 
100 pF UNELCO L3 3 Turns, #18 AWG, 5/16" 1.D., 3/8” Long 
1000 pF UNELCO L4 10 Turns, #22 AWG, onR1 

4.7 uF, 15 Vde, TANTALUM R1 340 Ohm, 1 W Carbon 


Input/Output Connectors — Type BNC 


MOTOROLA RF DEVICE DATA 
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FIGURE 2 — OUTPUT POWER versus INPUT POWER es FIGURE 3 — OUTPUT POWER versus FREQUENCY 
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FIGURE 4 — OUTPUT POWER versus SUPPLY VOLTAGE FIGURE 5 — SERIES EQUIVALENT IMPEDANCE 
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Pin = 0.75W 
— £=90MHz 
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CoCEE END 
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CoN 
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1.0 SE 
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8.0 §.0 10 11 12 13. 14 15 16 hs me 
Vcc, SUPPLY VOLTAGE (VOLTS) 


at a given output power, voltage, and frequency. 
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FIGURE 6 — PARALLEL EQUIVALENT INPUT RESISTANCE FIGURE 7 — PARALLEL EQUIVALENT INPUT CAPACITANCE 
versus FREQUENCY versus FREQUENCY 
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FIGURE 8 — PARALLEL EQUIVALENT OUTPUT RESISTANCE FIGURE 9 — PARALLEL EQUIVALENT OUTPUT CAPACITANCE 
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MOTOROLA si (esis i tt ce 
m= SEMICONDUCTOR sum 
TECHNICAL DATA i t«*s | MRF233 


The RF Line 


15 W — 90 MHz 


| -RF POWER 
| TRANSISTOR 
NPN SILICON RF POWER TRANSISTOR a , NPN SILICON 


... designed for 12.5 Volt, mid-band large-signal amplifier appli- 
cations in industrial and commercial FM equipment operating in the 
40 to 100 MHz range. 


® Specified 12.5 Volt, 90 MHz Characteristics — 
Output Power = 15 Watts 
Minimum Gain = 10 dB 
Efficiency = 55% 
® 100% Tested for Load Mismatch at all Phase Angles with 
30:1 VSWR 


@ Characterized with Series Equivalent Large-Signal Impedance 
Parameters 


@ Characterized with Parallel Equivalent Large-Signal Impedance 


Parameters : 
x 


MAXIMUM RATINGS PIN 1. EMITTER 
2. BASE 


Symbol 3, EMITTER 
4, COLLECTOR 
Veeo | 18 
Veso | 6 
1. DIMENSIONING AND TOLERANCING PER ANSI 


36 
vias, 1962 
50 2. CONTROLLING DIMENSION: INCH. 
285 
5 


~ 
oOo 


0.790 


THERMAL CHARACTERISTICS — it | 
Thermal Resistance, Junction to Case. . RgJc . 


2} lo 
S|! is]! 
[ee] oe | 


ao 


(1) This device is designed for RF operation. The total device dissipation rating applies 
~ only when the device is operated as'a Class C RF Amplifier. _ 
(2) For repeated assembly use 5 In. Lb. 


ojo 
= 
x 
o| 


0.098 
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MRF233 


ELECTRICAL CHAR ACIERISTIESITC: 25°C unless otherwise noted) 


Symbol [Min [Typ | mex | unit 


OFF CHARACTERISTICS 
Collector-Emitter Breakdown Voltage ae ee a 
(1¢ = 100 mAdc, !g = 0) 
es 
(Ig = 50 mAdc, Vee = 0) 


Emitter-Base Breakdown Voltage V(BR)EBO 
(Ie = 5.0 mAdc, Ic = 0) 
Collector Pee. fe Current ICBO mAdc 


Pee. fe = 15 Vdc, Ig = 0) 
ON CHARACTERISTICS 


DC Current Gain hee 
(I¢ = 1.0 Adc, Veg = 5.0 Vdc) 


DYNAMIC CHARACTERISTICS 
Output Capacitance 
(Vcp = 12.5 Vde, Ie = 0, f = 1.0 MHz) 
FUNCTIONAL TESTS (Figure 1) 
Common-E mitter Amplifier Power Gain 
(Vcc = 12.5 Vdc, Poyt = 15 W, f = 90 MHz) 
Collector Efficiency 
(Voc = 12.5 Vdc, Poyt = 15 W, f = 90 MHz) 
Load Mismatch 
(Vcc = 12.5 Vde, Pout = 15 W, No Degradation in 
f = 90 MHz, Tc S 25°C) Output Power 


FIGURE 1 — 90 MHz TEST CIRCUIT SCHEMATIC 


-C1,C3 9.0-180 pF, ARCO 463 . 2.2 #H, 9230-200 MILLER Molded Choke 
C2,C4 25-280 pF ARCO 464 2 Turns, 418 AWG, 3/8" 1.D., 3/8" Long 
cs 1000 pF UNELCO 10 Turns, 416 AWG, Wound On R2. 

C6 0.01 wF ERIE Disc Ceramic 

C7 1.0 uF, 35 Vde TANTALUM R1 15 Ohm, 1/2 W, 10% Carbon 

L1 2 Turns, #18 AWG, 3/8" 1.D., 1/4'' Long R2 68 Ohm, 1 Watt, 10% Carbon 
L2 0.22 WH, 9230-04 MILLER Molded Choke Input/Output Connectors — Type BNC 
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FIGURE 2 — OUTPUT POWER versus INPUT POWER 


Pout, OUTPUT POWER (WATTS) 


Pin, INPUT POWER (WATTS) 


FIGURE 4 — OUTPUT POWER versus SUPPLY VOLTAGE 


Pout, OUTPUT POWER (WATTS) 


Vcc, SUPPLY VOLTAGE (VOLTS) 


MOTOROLA RF DEVICE DATA 
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Pout, QUTPUT POWER (WATTS) 


FIGURE 3 — OUTPUT POWER versus FREQUENCY 
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FIGURE 5 — SERIES EQUIVALENT IMPEDANCE 
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*Zo_ = Conjugate of the optimum load impedance into which the device output 
operates at a given output power, voltage and frequency. 
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FIGURE 7 — PARALLEL EQUIVALENT INPUT CAPACITANCE 
versus FREQUENCY 


FIGURE 6 — PARALLEL EQUIVALENT INPUT RESISTANCE 
versus FREQUENCY 
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MOTOROLA 
= SEMICONDUCTOR sa 
TECHNICAL DATA - MRF234 


25 W — 90 MHz 


RF POWER 
TRANSISTOR 


NPN SILICON 


The RF Line 


NPN SILICON RF POWER TRANSISTOR 


... designed for 12.5 Volt, mid-band large-signal amplifier appli- 
cations in industrial and commercial FM equipment operating in the 
40 to 100 MHz range. 


@ Specified 12.5 Volt, 90 MHz Characteristics — 
Output Power = 25 Watts 
Minimum Gain = 9.5 dB 
Efficiency = 55% 

@ 100% Tested for Load Mismatch at all Phase Angles with 
30:1 VSWR. | _ 

® Characterized with Series Equivalent Large-Signal Impedance 
Parameters 


® Characterized with Parallel Equivalent Large-Signal Impedance 
Parameters 


MAXIMUM RATINGS 


PIN 1. EMITTER 
2, BASE 
3, EMITTER 
4, COLLECTOR 


[Unit 

[te [vee 

(38 [ve 

40 fae | 

p60 [ae 

Total Device Dissipation @ Tc = 25°C (1) 
Derate above 25°C 400 mw/°C 

torage Temperature Range 

ue 


Collector Current — Continuous le NOTES: 
1. DIMENSIONING AND TOLERANCING PER ANSI 
Y14.5M, 1982. 


2. CONTROLLING DIMENSION: INCH. 


me MILLIMETERS | INCHES | 
|_ MIN | 


| MAX | MIN | MAX _ 
|, A | 940 | 9.78 | 0.370 | 0.386 | 
| B | 813 | 838 | 0.320 | 0.330_| 
| ¢ | 17.02 | 2007 | 0.670 | 0.790 | 
| D | 5.46 | 597 | 0.215 | 0.235 | 


(1) This device is designed for RF operation. The total device dissipation rating applies 
only when the device is operated as a Class C RF Amplifier. 
(2) For repeated assembly use 5 In. Lb. 


| R | 7.69 | 7.80 | 0.299 | 0.307 | 
| S| 401 | 452 | 0.158 | 0.178 | 
LT | 21 | 254 | 0.083 | 0.100_| 
| U | 249 | 3.36 | 0.098 | 0.132 _| 


CASE 145A-09 


MOTOROLA RF DEVICE DATA 
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MRF234 


ELECTRICAL CHARACTERISTICS To - 25°C unless otherwise noted.) 


Characteristic [Senet [ie [Hoe [tio 
OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage V(BR)CEO Vde 
(lc = 200 mAdc, Ig = 0) 
Collector-Emitter Breakdown Voltage | V(BR)CES 
(I¢ = 200 mAdc, Vge = 0) . . 


(ig = 5.0 mAdc, Ic = 0) | 
Collector Cutoff Current IcBO mAdc 
(Vcp = 15 Vde, le = 0) ; 
~ ON CHARACTERISTICS 


DC Current Gain 
(tc = 1.0 Adc, VceE = 5.0 Vdc) 


DYNAMIC CHARACTERISTICS 


“Output Capacitance 
(Vop = 12.5 Vdc, IE = 0, f = 1.0 MHz) 


FUNCTIONAL TESTS (Figure 1) 


Common-Emitter Amplifier Power Gain 

(Vcc = 12.5 Vdc, Pout = 25 W, f = 90 MHz) 
Collector Efficiency | 

(Vcc = 12.5 Vdc, Poyt = 25 W, f = 90 MHz) 


Load Mismatch 
(Voc = 12.5 Vde, Pout = 25 W, No Degradation in 
f = 90 MHz, Tc <25°C Output Power 


FIGURE 1 — 90 MHz TEST CIRCUIT SCHEMATIC | 


Output 


_5.0-80 pF, ARCO 462 22 UH, 9230-52 MILLER Molded Choke 
_25-280 pF, ARCO 464 ) 2 Turns, #14 AWG, 3/8” |.D., 1/4” Long 


TOO PE -UNELEO 10 Turns, #18 AWG, 1/4” 1.D., wound on R2 
0.047 WF, ERIE disc ceramic ; 
: 15 Ohms, 1/2 W, 10% 


10 uF, 15 Vdc TANTALUM 
1 Turn, #16 AWG, 3/8” 1.D., 1/8” Long ae Ch eareen 
0.22 wH, 9230-04 MILLER Molded Choke Input/Output Connector — Type BNC 


MOTOROLA RF DEVICE DATA 
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- MRF234 


FIGURE 2 — OUTPUT POWER versus INPUT POWER _ FIGURE 3 — OUTPUT POWER versus FREQUENCY 
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Pout, OUTPUT POWER (WATTS) 


Vec= 12.5 V 
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Pin, INPUT POWER (WATTS) : : _ f, FREQUENCY (MHz) 
FIGURE 4 — OUTPUT POWER versus SUPPLY VOLTAGE FIGURE 5 — SERIES EQUIVALENT IMPEDANCE 
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Vcc, SUPPLY VOLTAGE (VOLTS) 
*Zo. = Conjugate of the optimum load impedance into which the device output operates 


at a given output power, voltage, and frequency. 
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MRF234 


‘FIGURE 6 — PARALLEL EQUIVALENT INPUT RESISTANCE 
versus FREQUENCY 


Rin, PARALLEL EQUIVALENT 
INPUT RESISTANCE (OHMS) 


f, FREQUENCY (MHz) 


FIGURE 8 — PARALLEL EQUIVALENT OUTPUT RESISTANCE 
versus FREQUENCY 


Rout, PARALLEL EQUIVALENT 
OUTPUT RESISTANCE (OHMS) 


f, FREQUENCY (MHz) 


Cout, PARALLEL EQUIVALENT 
OUTPUT CAPACITANCE (pF) 


FIGURE 7 — PARALLEL EQUIVALENT INPUT CAPACITANCE 
versus FREQUENCY 
2000 
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Cin, PARALLEL EQUIVALENT 
INPUT CAPACITANCE (pF) 
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f, be EQUENCY (MHz) 


_ FIGURE 9 — PARALLEL EQUIVALENT OUTPUT CAPACITANCE 


versus FREQUENCY 
1000 


f, FREQUENCY (MHz) 
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MOTOROLA 
= SEMICONDUCTOR mum 


TECHNICAL DATA 
-MRF237 


| | _ The RF Line 
NPN SILICON RF POWER TRANSISTOR 


. designed for 12.5 Volt large-signal power amplifier applications 
in communication equipment operating to 225 MHz. 


4W — 175 MHz 


RF POWER 
TRANSISTOR 


NPN SILICON. 


® Specified 12.5 Volt, 175 MHz Characteristics — 
Output Power = 4.0 Watts 
Minimum Gain = 12 dB 
Efficiency = 50% 
@ Characterized With Series Equivalent Large- Siena Impedance. 
‘Parameters 


@ Grounded Emitter TO-39 Package for High Gain and Excellent 
Heat Dissipation 


_ Replies Medium Power Stud Mount Devices 


MAXIMUM RATINGS 


Collector Current — Continuous 


Total Power Dissipation @ Tc = 25°C 
| Derate above 25°C 


PIN 1. COLLECTOR 
2. BASE ett 


- 3, EMITTER H® 


THERMAL CHARACTERISTICS | 
een 
Thermal Resin, JunctontoGaw | Rose | | 


Eree TRicAl CHARACTERISTICS Mes - 25°C unless otherwise noted.) 


Symbol a [em [ Oa 1. DIMENSIONING AND TOLERANGING PER ANS 


Y14.5M, 1982. 
OFF CURR OCTERISUICS 2. CONTROLLING DIMENSION: INCH. 


3. DIMENSION J MEASURED FROM DIMENSION A 
MAXIMUM. — 

4, DIMENSION B SHALL NOT VARY MORE THAN 0. 25 

~ (0.010) IN ZONE R. THIS ZONE CONTROLLED FOR 
AUTOMATIC HANDLING. 

5. DIMENSION F APPLIES BETWEEN DIMENSION P 
AND L. DIMENSION D APPLIES BETWEEN 
DIMENSION L AND K-MINIMUM. LEAD DIAMETER 
IS UNCONTROLLED IN DIMENSION P AND 

- BEYOND DIMENSION K MINIMUM. 


MILLIMETERS |-- INCHES _| 


Collector-Emitter Breakdown Voltage V(BRICEO 


(Ic = 10 mAdc, Ig = 0) 


Collector-Emitter Breakdown Voltage V(BR)CES 


(Ic =5.0 mAdc, Vee = 0) eae bat 

Emitter-Base Breakdown Voltage V(BR)EBO : 
(le = 1.0 mAdc, Ic = 0) 

Collector Cutoff Current eo mAdc 
(Vegpz15Vde,te=0) © . 


ON CUAEAS TER UES 


2650 80 
ass | 0.017 


DYNAMIC CHARACTERISTICS 
| Output Capacitance 
| (Vep = 15 Vde, Ie = 0, f= 0.1 MHz) 
FUNCTIONAL TESTS 
|\Common-Emitter Amplifier Power Gain 
(Pour = 4.0 W, Voc = 12.5 Vdc, 

| = 175 MHz) | 

Collector Efficiency CASE 79-05 


(Pout = 4.0 W, Voc = 12.5 Vde, | | TO-206AF 
= 175 MHz) (TO-39) 


MOTOROLA RF DEVICE DATA 
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MRF237 


- Pout, OUTPUT POWER (WATTS) 


Pout, OUTPUT POWER (WATTS) 


FIGURE 1 — 175 MHz TEST CIRCUIT SCHEMATIC 


C1,C4,C5 
c2 
C3 
C6 
C7 
cs 
cg 
c10 


3.0- 180 pF, ARCO 463 
1.75 - 30pF, ARCO 461 
40 pF, UNELCO 

0.01 WF, ERIE 

0.1 uF, ERIE REDCAP 
1.0uF, TANTALUM 
1000 pF, UNELCO 

100 pF UNELCO 


FIGURE 2 — OUTPUT POWER versus INPUT POWER 


Pin, INPUT POWER (mW) 


FIGURE 4 — OUTPUT POWER versus SUPPLY VOLTAGE 


ee 
ae aaa 


f= 175 MHz 
Pin = 200 mW 


Vcc, SUPPLY VOLTAGE (VOLTS) 


Pout, OUTPUT POWER (WATTS) 


Output 


1/2 Turn, #16 AWG, 0.5” I.D. 
1°, 416 AWG 

0.75". #16 AWG 

1 Turn, 416 AWG, 0.5” 1.D. 

0.15 ZH Molded Choke 

1.2 ZH Molded Choke 

FERRITE Beads, FERROXCUBE 
#56-570-65/3B 


FIGURE 3 — OUTPUT POWER versus FREQUENCY 


f, FREQUENCY (MHz) 


FIGURE 5 — SERIES EQUIVALENT IMPEDANCE 


Tri 
Serre 
150 MHz FF 
cone 
sees 


a ve a ‘So i 
FE Pout = 4.0W SS 
H Vee = 12.5 Vdeo Penk 7 


Ne, ws 
Frequency Zj 
LE 150 1.85-j2.53 | 16.74-j21.03 
: 175 1.87-]1.79 | 14.63-j14.08 
a ; 
Hy ©, 


“150 MHz SSN eH 
*ZoL = Conjugate of the optimum load impedance into which the device output operates 
at a given output power, voltage, and frequency. 


MOTOROLA RF DEVICE DATA 
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MOTOROLA 


m@ SEMICONDUCTOR yyy 
TECHNICAL DATA | MRF240 


MRF240A 


The RF Line 


40 W — 145-175 MHz 


RF POWER 


NPN SILICON RF POWER TRANSISTORS 


TRANSISTORS 


... designed for 13.6 volt VHF large-signal class C and class AB 
linear power amplifier applications in commercial and industrial 
equipment. | 


NPN SILICON 


@ High Common Emitter Power Gain 


@ Specified 13.6 V, 160 MHz Performance: 
Output Power = 40 Watts 
Power Gain = 9.0 dB Min 

Efficiency = 55% Min 


® Load Mismatch Capability at Rated Voltage and RF Drive 


e@ Silicon Nitride Passivated 


@ Low Intermodulation Distortion, d3 = -30 dB Typ 


MAXIMUM RATINGS 


ee 
[Colectoremiver Volowe———SsSC~*idCSC‘Me | 


Total Device Dissipation @ Tc = 25°C (1) 100 Watts 
Derate above 25°C : 
Storage Temperature Range 


THERMAL CHARACTERISTICS 


Symbol 
Thermal Resistance, Junction to Case (2) Resc 


(1) This device is designed for RF operation. The total device dissipation rating applies 


STYLE 1: 
PIN 1. EMITTER 

2. BASE 

3. EMITTER 

4. COLLECTOR 


only when the device is operated as an RF amplifier. 


(2) Thermal Resistance is determined under specified RF operating conditions by infra- NOTES: 


1, DIMENSIONING AND TOLERANCING PER ANSI 
Y14.5M, 1982. 
2. CONTROLLING DIMENSION: INCH. 


red measurement techniques. 


STYLE 1: 
PIN 1. EMITTER NOTES: 
2. BASE 1. DIMENSIONING AND TOLERANCING PER 
3, EMITTER ANSI Y14.5M, 1982. 
4,COLLECTOR 2. CONTROLLING DIMENSION: INCH. 
5.97 
| — | 0.070 | 
J | 008 | 0.18 | 0.003 | 0. 
| K | 1245 | — | 0.490 | 
Pt | 140 | 178 | 0.055 | 0.070 | 
| 45°NOM 


| M | 45° NOM__| 
pp] — | 17 | — | 00650 | 
| R | 759 | 7.80 | 0.299 | 0.307_| 
|S {| 401 [452 | 0168 [0.178 | 
| T | ai | 254 | 0083 | 0.100_| 
| u | 249 | 3.35 | 0.098 | 0.132 _| 
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CASE 145A-09 


11-07 
aie MRF240 


0. 720 0.730 


MOTOROLA RF DEVICE DATA 


2-497 


MRF240, MRF240A 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 


OFF CHARACTERISTICS 


Collector-E mitter Breakdown Voltage 
(I¢ = 20 mAdeé, |p = 0) 


Collector-Emitter Breakdown Voltage V(BR)CES 36 Vdc 
{Ic = 20 mAdc, Vee = 0) 
Emitter-Base Breakdown Voltage . . V(BR)EBO 
(ie = 5.0 mAdc, Ic = 0) 
Collector Cutoff Current ICBO mAdc 
(Veg = 15 Vde, Ie = 0) 
ON CHARACTE RISTICS 


DC Current Gain hee 70 
(I¢ = 4.0 Adc, Vcg = 5.0 Vde) - 


DYNAMIC CHARACTERISTICS 


Output Capacitance 


(Vog = 12.5 Vdc, Ie = 0, f = 1.0 MHz) 


FUNCTIONAL TESTS 


Common-Emitter Amplifier Power Gain 

(Vcc = 13.6 Vdc, Pout = 40 W, f = 160 MHz) 
Collector E fficiency . 

(Vcc = 13.6 Vdc, Poyt = 40 W, f = 160 MHz) 


TYPICAL SSB PERFORMANCE 


Intermodulation Distortion (1) 
(Voc = 13.6 Vde, Poyy = 35 W(PEP), 


f1 = 146 MHz, f2 = 146.002 MHz, 
Icqg= 50 mAdc) 


(1) To MIL-‘STD-1311 Version A, Test Method 2204B, Two Tone, Reference Each Tone. 


FIGURE 1 — 160 MHz TEST CIRCUIT SCHEMATIC RECS 
C10 


+13.6 Vde 


ee RF Output 


C1 L1 L2 L3 
SS 
RF Input 
=C2 C3 C4 
C1 -200'pF,350 Vdc, UNELCO.—.._: C10,C11 680 pF. ALLEN BRADLEY Feedthru. £3 - 1.2.x 0.6 cm Brass Pad ‘ 
_C2 100 pF, 350 Vdc, UNELCO. - RFC1 0.15 wH Molded Choke |. - “+ L&. 1.2 x.0.6 cm Brass Pad.and 
. C3’ 40 pF, 350 Vdc, UNELCO - RFC2. 10 Turns, #18 AWG on ao olin, : es 2.0 x 0.2cm AIRLINE Inductor 
C4,C5. 80pF, 350 Vdc, UNELCO © i. _ 4 Watt Resistor — - 4 
C6 1,0-20 pF,,ARCO Trimmer’ =. Bead. «Ss FER RROXCUBE Bead rae Sic Be a oe 
C7 - 100 pF 350 Vdc, UNELCO RFC3  FERROXCUBE Choke, VK200-48 ve pes 
C8 0.1 uF ERIE Disc Ceramic L1 3.3 x 0.2 cm AIRLINE Inductor Connectors: Type N 
C9 1.0 UF.TANTALUM . L2 1.0x 0.2cm AIRLINE Inductor 


MOTOROLA RF DEVICE DATA 
2-498 


MRF240, MRF240A 


FIGURE 3 — OUTPUT POWER versus INPUT POWER 


FIGURE 2 — POWER GAIN versus FREQUENCY 
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f, FREQUENCY (MHz) 


FIGURE 5 — OUTPUT POWER versus SUPPLY VOLTAGE 


FIGURE 4 — OUTPUT POWER versus SUPPLY VOLTAGE 
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FIGURE 6 — OUTPUT POWER versus SUPPLY VOLTAGE 
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- MOTOROLA RF DEVICE DATA 


2-499 


MRF240, MRF240A 


FIGURE 7 — SERIES EQUIVALENT INPUT/OUTPUT IMPEDANCES 
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MOTOROLA RF DEVICE DATA 
2-500 


MOTOROLA | 
aa SEMICONDUCTOR @ 
TECHNICAL DATA — 3 


| MIRF247 


75 W — 175 MHz 
CONTROLLED OQ 
RF POWER 
TRANSISTOR 


. . . designed for 12.5 Volt VHF large-signal amplifier applications | : NPN SILICON 
_ in industrial and commercial FM equipment operating to 175 MHz. . 


The RF Line 
NPN SILICON RF POWER TRANSISTOR 


© Specified 12.5 Volt, 175 MHz Characteristics — 


Output Power. = 75 Watts 
Minimum Gain = 7.0 dB 
_ Efficiency = 55% 


® Characterized With Series Equivalent Large-Signal Impedance 
Parameters : “fi ela 


® Internal Matching Network Optimized for Minimum Gain ; 
Frequency Slope Response Over the Range 136 to 175 MHz 


® Load Mismatch Capability at Rated Pj, and Supply Voltage 


~ STYLE 1: 
PIN.1. EMITTER 
2. COLLECTOR 
3. EMITTER 


MAXIMUM RATINGS . 
Rating 
[veeo [8 
| Veso | 40 
Collector Current — Peak re 


Total Device Dissipation @ Te = 25°C (1) 
1.43 


Derate Above 25°C 


Ic 
Storage Temperature Range -65 to +150 


| ROC 


RO Jc : 


Thermal Resistance, Junction to Case (2) 


(1) This device is designed for RF operation. The total device dissipation rating applies 
only when the device is operated as an RF amplifier. 


Soin 
& |G 


(2) Thermal Resistance is determined under specified RF operating conditions by infra- 
red measurement techniques. 


CASE 316-01 


2-501 


MRF247 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 


symbol | min | typ | Max | unit _| 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage V(BR)CEO | Vde 
(I¢ = 100 mAdc, ip = 0) 


Collector-E mitter Breakdown Voltage Pa ee aha eee | 
(Ic = 50 mAdc, Vpe = 0) 

Emitter-Base Breakdown Voltage _ V(BR)EBO 
(Ile = 10 mAdc, Ic = 0) | I _ ieee roe ae 


ON CHARACTERISTICS 


DC Current Gain 
(tc = 5.0 Adc, Vce = 5.0 Vdc) 


DYNAMIC CHARACTERISTICS 


Output Capacitance ; 
(Vcp = 15 Vdc, Ie = 0, f = 1.0 MHz) 


FUNCTIONAL TESTS 


Common-Emitter Amplifier Power Gain 
(Voc = 12.5 Vdc, Pout = 75 Watts, f = 175 MHz) 
Collector Efficiency 
(Vcc = 12.5 Vdc, Poyt = 75 Watts, f = 175 MHz) 
Load Mismatch . | No Degradation In Output Power 
(Vcc = 12.5 Vdc, Poyt = 75 Watts, f= 175 MHz, 
VSWR = 30:1 All Phase Angles) 


FIGURE 1 — OUTPUT POWER versus INPUT POWER FIGURE 2 — POWER GAIN versus FREQUENCY 
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~ MOTOROLA RF DEVICE DATA 


2-502 


Pout, OUTPUT POWER (WATTS). 


Pout, OUTPUT POWER (WATTS) 


MRF247 


FIGURE 3 — OUTPUT POWER versus SUPPLY VOLTAGE 
136 MHz 


Vcc SUPPLY VOLTAGE (VOLTS) 


FIGURE 5 — OUTPUT POWER versus SUPPLY VOLTAGE 
175 MHz 


Voc, SUPPLY VOLTAGE (VOLTS) 


Pout, OUTPUT POWER (WATTS) 
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FIGURE 4 — OUTPUT POWER versus SUPPLY VOLTAGE 
150 MHz 
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Vcc, SUPPLY VOLTAGE (VOLTS) 


FIGURE 6 — SERIES EQUIVALENT IMPEDANCES 
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MOTOROLA RF DEVICE DATA 


2-503 


MOTOROLA 


a SEMICONDUCTOR er 
TECHNICAL DATA : | } 


MRF260 


5W 136-175 MHz 


| | | RF POWER 
NPN SILICON RF POWER TRANSISTOR TRANSISTOR 


NPN SILICON 


... designed for 12.5 Volt VHF large-signal power amplifier appli- 
cations in commercial and industrial equipment. 


@ Low-Cost Common-Emitter TO-220AB Package 


e Specified 12.5 V, 175 MHz Performance: 

Output Power 5.0 Watts 

Power Gain - 10 dB Min 

Efficiency 55% Min 
@ Load Mismatch Capability at High Line and Rated RF Input 
@ Other Devices in the Series: 


MRF261 . 10 Watts 
MRF262 15 Watts 
MRF264 30 Watts 


MAXIMUM RATINGS 


PIN 1. BASE 

2. EMITTER 
3, COLLECTOR 
saree 4, EMITTER 
1. DIMENSIONING AND TOLERANCING PER ANSI 
Y14.5M, 1982. 
Tota p : Tc = 25°C (1) 3. DIM Z DEFINES A ZONE WHERE ALL BODY AND 
Derate above 25°C LEAD IRREGULARITIES ARE ALLOWED. 


ae MILLIMETERS | INCHES | 
|_MIN | MAX | MIN | 


| MAX | 

[A | 1448 | 15.75 | 0.570 | 0.620 | 

| B | 966 | 10.28 | 0.380 | 0.405 _| 

| ¢ | 407 | 482 | 0.160 | 0.190 | 
| 0.64 | 0.88 | 0.025 | 


0.142 | 0.147 


(1) This device is designed for RF operation. The total device dissipation rating applies 
only when the device is operated as an RF amplifier. 


(2) Thermal Resistance is determined under specified RF operating conditions by infra- 
red measurement techniques. 


CASE 221A-04 
TO-220AB 


a“ 


MOTOROLA RF DEVICE DATA 


2-504 


MRF260 


ELECTRICAL CHARACTERISTICS Mee 25°C unless otherwise noted) 


Symbol ae a 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage -ViBR)CEO 18 Vde 
{Ig = 10 mAde, Ig = 0) . oer 
Collector-Emitter Breakdown Voltage eee: panef ae pat 
(Ic = 5.0 mAdc, Vee = 0) 
Emitter-Base Breakdown Voltage : Venice Oars ede savas 
(IE = 1.0 mAdc, Ic = 0) ey 


Collector Cutoff Current 


(Vcp = 15 Vde, Ie = 0) 
ON CHARACTERISTICS. | 


DC Current Gain 
(Ic = 250 mAdc, VcE = 5.0 Vdc) 


DYNAMIC CHARACTERISTICS 
. Output Capacitance 
(Vcp = 15 Vdc, Ie = 0, f = 1.0 MHz) 
FUNCTIONAL TESTS 
Common-Emitter Amplifier Power Gain 
(Voc = 12.5 Vde, Poyt = 5.0 W, f = 175 MHz) 
Collector Efficiency 
(Vcc = 12.5 Vde, Poyt = 5.0 W, f = 175 MHz) 


FIGURE 1 — 175 MHz TEST CIRCUIT 


RF Output 


RF Input 


C1 — 40 pF Underwood L1— 1-1/2 Turns, #18 AWG, 3/16” ID, | = 1/8” 


C2, C5 — Johanson Trimmer #JMC-5501 L2—3 Turns, #18 AWG,-5/16” ID, 1 = 1/4” 
C3 — 60 pF Underwood . R—-102,1.0W 

C4 — 25 pF Underwood B — Ferroxcube Bead 56-590-65-3B 

C6 — 1000 pF Underwood RFC1 — 0.15 WH Molded Coil 

C7 — 0.1 uF Erie Red Cap RFC2 — 0.15 wH Molded Coil 

C8 — 100 WF Electrolytic, 15 V RFC3 — Ferroxcube VK200-20-4B 


Board Material: 
Teflon Fiberglass — G10, thickness = 0,062 inches. 


MOTOROLA RF DEVICE DATA 
2-505 


MRF260 


FIGURE 3 — OUTPUT POWER versus INPUT POWER 


FIGURE 2 — POWER GAIN versus FREQUENCY 
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FIGURE 5 — OUTPUT rtiatly versus Sueecy. VOLTAGE. 


FIGURE 4 — OUTPUT POWER versus SUPPLY VOLTAGE 
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FIGURE 6 — OUTPUT obit versus SUPPLY VOLTAGE 
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MOTOROLA RF DEVICE DATA 


2-506 


MRF260 


FIGURE 7 — SERIES EQUIVALENT INPUT/OUTPUT IMPEDANCES 
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FIGURE 8 — 175 MHz TEST AMPLIFIER 


MOTOROLA RF DEVICE DATA 
2-507 


MOTOROLA __ 7 
a 
MRF261 


10W 136-175 MHz 


| ‘The RF Line 


NPN SILICON RF-POWER TRANSISTOR RF POWER 


TRANSISTOR 


... designed for 12.5 Volt VHF large-signal power amplifier appli- 
cations in commercial and industrial equipment. 


@ Low-Cost, Common-Emitter TO-220AB Package 


® Specified 12.5 V, 175 MHz Performance — 
Output Power = 10 Watts 
Power Gain = 5.2 dB Min 
Efficiency = 50% Min . : 

@ Load Mismatch Capability at High Line and RF Overdrive 


® Other Devices in the Series — 
MRF260_ 5.0 Watts 
MRF262 15 Watts 
MRF264 30 Watts 


NPN SILICON 


| MAXIMUM RATINGS 
Rating Symbol Value Unit 
_Vde 
Vdc 
Vdc 
Adc 


Watts 
171 mW/°C 


-65 to+150| °C 


Collector-Emitter Voltage VCEO | 
Collector-Base Voltage | VcBO 
Emitter-Base Voltage VEBO 


Coliector-Current — Continuous 


STYLE 2: 
PIN 1. BASE 
2, EMITTER 
3. COLLECTOR 
4. EMITTER 


1. DIMENSIONING AND TOLERANCING PER ANS! 
_. Y14.5M, 1982. 
2. CONTROLLING DIMENSION: INCH. 
3. DIM Z DEFINES-A ZONE WHERE ALL BODY AND 
- LEAD IRREGULARITIES ARE ALLOWED. 


sea MILLIMETERS INCHES 
MAX 


| A | 1448 | 15.75 | 0.570 | 0.620 
9.66 | 10.28 | 0,380 | 0.405 


Total Device Dissipation @ Tc = 25°C (1) 
Derate above 25°C 


Storage Temperature Range | —-Tstg 


; O!lo 


THERMAL CHARACTERISTICS 
Characteristic Unit 


°C/W 


| Thermal Resistance, Junction to Case (2) ~ Reuc 


(1) This device is designed for RF operation. The total device dissipation rating applies 
only when the device is operated as an RF amplifier. 

(2) Thermal Resistance is determined under specified RF operating conditions by infrared 
measurement techniques. 


2.80 | 393 | 0.110 
J | 036 
1 « | 12.70 | 14.27 

1.15 | 1.39 
[0.100 | 


0.080 


CASE 221A-04 
TO-220AB 


MOTOROLA RF DEVICE DATA 


2-508 


MRF261 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage V(BR)CEO Vde 
-(I¢ = 50 mAdc, Ip = 0) 

Collector-Emitter Breakdown Voltage V(BR)CES Vdc 
(Ic = 50 mAdc, Vpe = O) 

Emitter-Base Breakdown Voltage V(BR)EBO Vide 
(IE = 2.5 mAde, Ic = 0) 

Collector Cutoff Current — ICBO 
(Vcp = 15 Vdc, ig = 0) 

ON CHARACTERISTICS 


DC Current Gain hfe 
(I¢ = 250 mAdc, VcE = 5.0 Vdc) 


DYNAMIC CHARACTERISTICS 


Output Capacitance Cob 
(Vcp = 15 Vdc, Ie = 0, f = 1.0 MHz) 


FUNCTIONAL TESTS 


Common-Emitter Amplifier Power Gain 
(Vcc = 12.5 Vde, Pout = 10 W, f = 175 MHz) 


Collector Efficiency — 
(Vcc = 12.5 Vde, Poyt = 10 W, f = 175 MHz) 


_c8 


t< RF Output 


RF Input 


Cle AO Re Underwood L1— 2 Turns, #18 AWG, 5/16” ID 
C276 = Jonensen Tnimmar note. L2 — 1-1/2 Turns, #18 AWG, 5/16” ID 
C3 —- 60 pF Underwood : 
C4 — 150 pF Underwood R— 1082, 1.0W 

B — Ferroxcube Bead 56-590-65-38 


C5 — 100 pF Underwood 
C7, C8 — 15 pF Underwood RFC1 — 0.15 nH Molded Coil | 


C9 — 1000 pF Underwood RFC2 — 6 Turns #18 Wire, 5/16” ID 

C10 — 0.1 wF Erie Red Cap RFC3 — VK200-20/48 . 

C11— 100 uF Electrolytic, 15 Vdc Board Material — Teflon Fiberglass 
t= 0.062” 


MOTOROLA RF DEVICE DATA 
2-509 


MRF261 


FIGURE 3 — OUTPUT POWER versus INPUT POWER 


Veg = 12.5V 


FIGURE 2 — POWER GAIN versus FREQUENCY 
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FIGURE 5 — OUTPUT POWER versus SUPPLY VOLTAGE 


FIGURE 4 — OUTPUT POWER versus SUPPLY VOLTAGE 


SaSERnEn) 
RTT 
NSO) 
AACE, 
CNET 
CANA. 
COANE 
ANT, 
SOHA\SURE 
COON. 


(SLLWM) H3MOd LNdLNO oa 


NCAT. 
PTT AALAL ETT 
TET AAW TTT, 
BRRRANGURE) 
LLL TT MAL LI, 


(SLLVM) H3MOd LAdino 38%, 


Vec. SUPPLY VOLTAGE (VOLTS) 


Vec. SUPPLY VOLTAGE (VOLTS) . 


_ FIGURE 6 — OUTPUT POWER versus SUPPLY VOLTAGE 
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MOTOROLA RF DEVICE DATA © 


2-510 


MRF261 


FIGURE 7 — SERIES EQUIVALENT INPUT/OUTPUT IMPEDANCES 
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MOTOROLA RF DEVICE DATA 
2-511 


MOTOROLA 


2 SEMICONDUCEPQ. yy: aa 
TECHNICAL DATA 


The RF Line 


NPN SILICON RF POWER TRANSISTOR 


15W 136-175 MHz 


RF POWER 
TRANSISTOR 


... designed for 12.5 Volt VHF large-signal power amplifier appli- NPN SILICON 


cations in commercial and industrial equipment. 
@ Low-Cost Common-Emitter TO-220AB Package 


@ Specified 12.5 V, 175 MHz Performance: 

Output Power 15 Watts 

Power Gain 6.3 dB Min 

Efficiency 55% Min. 
@ Load Mismatch Capability at Rated Voltage and RF Drive 
@ Other Devices in the Series: 


MRF260 5.0 Watts 
MRF261 10 Watts 
MRF264 ; 30 Watts 


MAXIMUM RATINGS 


STYLE 2: 
PIN 1. BASE 
2, EMITTER 
3. COLLECTOR 
NOTES: 4. EMITTER 


1. DIMENSIONING AND TOLERANCING PER ANS! 
Y14.5M, 1982. 

2. CONTROLLING DIMENSION: INCH. 

3. DIM Z DEFINES A ZONE WHERE ALL BODY AND 
LEAD IRREGULARITIES ARE ALLOWED. 


Total Device Dissipation @ Tc = 25°C (1) 
Derate above 25°C 


(1) This device is designed for RF operation. The total device dissipation rating applies 
only when the device is operated as an RF amplifier. 

(2) Thermal Resistance is determined under specified RF operating conditions by infra- 
red measurement techniques. 


CASE 221A-04 
TO-220AB 


MOTOROLA RF DEVICE DATA 


2-512 


MRF262 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 


_ _ Characteristic 
OFF CHARACTERISTICS 
Collector-Emitter Breakdown Voltage 
Alc =20 mAdc, ip =0) 
Collector-Emitter Breakdown Voltage 
(lg = 10 mAdc, Vge = 0) 


Emitter-Base Breakdown Voltage _ ViBR)EBO 
(le =2.0mAdc,I¢=0) . . 
Collector Cutoff Current . ICBO mAdc . 
(VcB = 15 Vdc, Ig = 0) . 
ON CHARACTERISTICS 7 : 
DC Current Gain - 
(ic. = 500 mAdc, VCE = 5.0 Vdc) 
DYNAM IC EAR ACTERISTICS 
Output Capacitance 
(Veg = 15 Vde, Ip = 0, f = 1.0 MHz 
FUNCTIONAL TESTS | 
Common-Emitter Amplifier Power Gain 
(Veco = 12.5 Vde, Pout = 15 W, f = 175 MHz) 
Collector Efficiency. . 
(Vcc = 12.5 Vdc, Poyt = 15 W, f = 175 MHz) 


FIGURE 1 — 175 MHz TEST CIRCUIT 


+Vdc 


C8 


{< RF Output 


RF Input 
C1 


Ci — 10 pF Underwood 

C2, C6 — Johanson Trimmer #5501 
C3 — 60 pF Underwood 

C4 — 150 pF Underwood 


L1— 2 Turns, #18 AWG, 5/16” ID 
L2 — 1-1/2 Turns, #18 AWG, 5/16” ID 


R—102,1.0W 


- C5 — 100 pF Underwood : B — Ferroxcube Bead 56-590-65-3B 
C7, C8 — 15 pF Underwood RFC1 — 0.15 WH Molded Coil 
C9 — 1000 pF Underwood RFC2 — 6 Turns #18 Wire, 5/16”. ID 
‘C10 — 0.1 WF Erie Red Cap , RFC3 — VK200-20/4B 
C11 — 100 uF Electrolytic, 15 Vde Board Material — Teflon Fiberglass 
t= 0.062” 


MOTOROLA RF DEVICE DATA 
2-513 


MRF262 


FIGURE 3 — OUTPUT POWER versus INPUT POWER 


FIGURE 2 — POWER GAIN versus FREQUENCY 
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FIGURE 5 — OUTPUT pear versus SUPPLY VOLTAGE 


FIGURE 4 — OUTPUT POWER versus SUPPLY VOLTAGE 
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FIGURE 6 — OUTPUT POWER versus SUPPLY VOLTAGE 
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MRF262 


FIGURE 7 — SERIES EQUIVALENT INPUT/OUTPUT IMPEDANCES 
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Sate Ree a 
a ie a a <i 
BRR E Rs ma 


Ohms Ohms 
0.8+j1.6 | 5.6-j1.7 
1.0+j21 | 53-j09 
1.2+j28 | 5.1+j0.2° 


*ZoL = Conjugate of the optimum load 
impedance into which the device 
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FIGURE 8 — 175 MHz TEST AMPLIFIER 


MOTOROLA RF DEVICE DATA 
2-515 


MOTOROLA 


Ea oe ATT 
MRF264 


The RF Line 
| 30W 136-175 MHz 


otis 8 ae | RE POWER 
NPN SILICON RF POWER TRANSISTOR | TRANSISTOR 


. designed for 12.5-volt VHF large-signal power amplifier applica- NPN SILICON 


tions in commercial and industrial FM equipment. 
@ Low-Cost; Common-Emitter TO-220AB Package 


@ Specified 12.5 V, 175 MHz Performance — 

Output Power = 30 Watts © 

Power Gain = 5.2 dB Min 

Efficiency = 60% Min » | 
@ Load Mismatch Capability at High Line and RF Overdrive 
@ Other Devices in the Series — 

MRF260 5.0 Watts 


MRF261 10 Watts 
MRF262 15 Watts 


MAXIMUM la le 


a 
[colesorniervorewe | vego [16 [vee 
[nS inoe Mego [ae a 

0 | ade | 8 


Total Device Dissipation @ Ta = 25°C (1) 80 Watts : ela 
Derate above 25°C 0.64 mW/ °C . 4 EMITTER 


Storage Temperature Range Tstg -65 to +150 yee 1 Den AND TOLERANCING PER ANSI 
| 3, DIM Z DEFINES A ZONE WHERE ALL BODY AND 


2. CONTROLLING DIMENSION: INCH. 
LEAD IRREGULARITIES ARE ALLOWED. 
| MILLIMETERS | INCHES 


THERMAL CHARACTERISTICS T A_| 1448 [15.75 | 0.570 | 0.620_| 
| 9.66 | 10.28 | 0.380 | 0. 


| Characteristic =| Symbol | Max | 
Thermal Resistance, Junction to Case (2) ReJc | 1.66 | 


(1} This device is designed for RF operation. The total device dissipation rating applies 
only when the device is operated as an RF amplifier. 

(2) Thermal Resistance is determined under specified RF operating conditions by infrared 
measurement techniques. 


CASE 221A-04 
TO-220AB 


MOTOROLA RF DEVICE DATA 


2-516 


MRF264 


ELECTRICAL CAR ACTERIONCS (Tc = 25°C unless otherwise noted) 


V(BR)CEO 


Viens 


re == 


* Characteristic 
OFF CHARACTERISTICS 


Collector-Emitter Breakdown Venege 
(I¢ = 20 mAdc, Ip = 0) 


Collector-Emitter Breakdown Voltage 
(I¢ = 20 mAdc, Vee = 0) 


Emitter-Base Breakdown Voltage. 
(IE = 5.0 mAdc, Ic = 0) 


Collector Cutoff Current 
(Vcp = 15 Vdc, Ip =-0) . 


ON CHARACTERISTICS 


DC Current Gain 
~ (I¢ = 500 mAdc, Vcg = 5.0 Vde) 


DYNAMIC CHARACTERISTICS 


Output Capacitance 
(Vcp = 15 Vdc, Ig = 0, f = 1 O MHz) _ 


FUNCTIONAL TESTS 


Common-Emitter Amplifier Power Gain 
(Vcc = 12.5 Vde, Pout = = 30 W, f=175 MHz) 


Collector Efficiency . 
(Vcc = 12.5 Vdc, Pout = 30 W, f = 175 MHz) 


FIGURE 1 — 175 MHz TEST CIRCUIT 


RF Input 


|} RF Output — 


C1, C5 — 1.0-20 pF Johanson L1 — 2-1/2 Turns, #16 AWG 0.35" ID 


C2 — 25 pF Unelco L2 — 2 Turns, #16 AWG 0.25” 
C3 — 120 pF Unelco L3 — 0.15 wH Molded Choke 


C4 — 100 pF Unelco . , 
C6 — 15 pF Unelco RFC1 — 5 Turns, #18 AWG 0.28' 1D. 


C7 — 1000 pF Unelco RFC2 — Ferroxcube VK200 21/4B 


C8 — 0.1 pF Erie Redcap R1—10Q2, 2.0 W 


“a F, Electrolytic, 15 Vd 
C2 Se SOO meaty te © B — Ferroxcube Bead 56-590-65-3B 


MOTOROLA RF DEVICE DATA 


2-517 


MRF264 


FIGURE 2 — POWER GAIN versus FREQUENCY 


FIGURE 3 — OUTPUT POWER versus INPUT POWER 
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FIGURE 4 — OUTPUT POWER SUPPLY VOLTAGE 


FIGURE 5 — OUTPUT POWER versus SUPPLY VOLTAGE 
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FIGURE 6 — OUTPUT POWER versus SUPPLY VOLTAGE 
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MOTOROLA RF DEVICE DATA 
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FIGURE 7 — SERIES EQUIVALENT INPUT/OUTPUT IMPEDANCES 
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MOTOROLA RF DEVICE DATA 
2-519 


MOTOROLA 
m= SEMICONDUCTOR | 
TECHNICAL DATA 


MRF309 


The RF Line 
_ ) 50 W-450 MHz 


| CONTROLLED “Q” 
NPN SILICON RF POWER TRANSISTOR BROADBAND RF POWER 


) a TRANSI 
... designed primarily for wideband large-signal output amplifier SISTOR 
stages in the 420-450 MHz frequency range. NPN SILICON 


® Guaranteed Performance in 450 MHz Amplifier @ 28 Vdc 
Output Power = 50 Watts 
Minimum Gain = 7.0 dB @ 450 MHz 


®@ Built-In Matching Network for Broadband Operation Using 
Double Match Technique 


@ 100% Tested for Load Mismatch at all Phase Angles 
with 20:1 VSWR 


MAXIMUM RATINGS 
| | - Rating . 
: Collector-Emitter Voltage 
Collector-Base Voltage i 
Emitter-Base Voltage | . . STYIE 1: 


Pr et Coe at PIN 1. EMITTER 
Total Device Dissipation @ Tc = 259°C (1) > COLLECTOR 


, 
Derate above 25°C : 3. EMITTER 


Storage Temperature Range 4, BASE 


THERMAL CHARACTERISTICS 


Characteristic 


Therma! Resistance, Junction to Case 


NOTE: 
(1) This device is designed for RF operation. The total device dissipation rating applies FLANGE IS ISOLATED IN ALL STYLES. 
only when the device is operated as an RF amplifier. 


MATCHING PROCEDURE 25.1 960_| 0.990 
[1245 | 1295 | 0.490 | 0.510 | 


In the push-pull circuit configuration it is preferred that 
the transistors are used as matched pairs to obtain optimum 
performance. 

The matching procedure used by Motorola consists of 
measuring hfE at the data sheet conditions and color cod- 
ing the device to. predetermined hfe ranges within the 330 | 
normal hee limits. A color dot is added to the marking on | 3.30 _| 
top of the cap. Any two devices with the same color dot 
can be paired together to form a matched set of units. | CASE 316-01 


12.57 


MOTOROLA RF DEVICE DATA 


2-520 


_ MRF309 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) | : 


Symbol_[ Min [Typ | Max] Unk 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage V(BR)CEO 33 
(1¢ = 50 mAdc, Ig = 0) 


V(BR)CES 


Emitter-Base Breakdown Voltage V(BR)EBO 
(Ie = 5.0 mAdc, Ic = 0) 
Collector Cutoff Current IcBO 


(Vp = 30 Vdc, IE = 0) | 
ON CHARACTERISTICS 


DC Current Gain — HEE 
(ig = 5.0 Adc, VcgE = 5.0 Vdc) 


EURO TIONAL TESTS (Figure 1 


Common-Emitter Amplifier Power Gain 

(Vcc = 28 Vdc, Pout = 50 W, f = 450 MHz) 
Collector Efficiency 
(Vcc = 28 Vdc, Poy: = 50 W, f = 450 MHz) 


Electrical Ruggedness No Degradation in Poyt 


(Pout = 50 W, Veg = 28 Vde, f = 450 MHz, 
VSWR 20:1 all phase angles) 


Series Equivalent Input/Output Impedance Shai ‘ a oe ae 
(Voc = 28 Vdc, Pout = 50 W, f = 450 MHz) in 0.7 + j1. OL* 1.9 + jo. 


NOTE:.For linear operation, apply forward bias such that Icq (no RF signal) is 5.0-50 mA. 
*ZOL = Conjugate of the load impedance into which the device output operates at a given output power, supply voltage and frequency. 


FIGURE 1 — 450 MHz TEST AMPLIFIER 


: 5 O +28 Vdc 


L2 
L3 | 


21 Z2 DUT z4 C11 


C1 , 23 
ae | a a a & — (—< RF output 


C3 
C2 L1 c4 | cs C6 C10 


— — — 


C3, C4, C5 — Underwood 25 pF 21 — Microstrip 0.200’. W X 0.900” L 
C2, C10 — Johanson #JMC 5501 1-20 pF 22 — Microstrip 0.200” W X 0.200” .L 
C6 — Underwood 15 pF 23 — Microstrip 0.200” W X 0.500” L 
C7, C8 — 0.1 uF Erie Red Cap, 100 V 24 — Microstrip 0.200’’ W X 0.650” L 5 


C9 — Underwood 80 pF 
C1, C11 — Underwood 40 pF 
C12 — 1.0 uF Tantalum 


L1, L3 — RFC, 0.15 MH Molded Coil 
L2 — RFC, 4 Turns #20 Wire, 3/8” 1D, 1/2’ tong 
L4 — RFC, Ferroxcube VK200 19/48 


R1—5.62 
Bead — Ferroxcube 56-590-65/4B 
Board Material — 0.062” Thick glass — Teflon, €, = 2.56 


MOTOROLA RF DEVICE DATA 
2-521 


MOTOROLA 
aa SEMICONDUCTOR xox 


TECHNICAL DATA | | 
MRF313 


_The RF Line 1.0 W — 400 MHz 


HIGH FREQUENCY 
TRANSISTOR 


NPN SILICON 


NPN SILICON HIGH FREQUENCY TRANSISTOR 


... designed for wide band amplifier, driver or oscillator applications 
in military, mobile, and aircraft radio. 


® Specified 28 Volt, 400 MHz Characteristics — 


Output Power = 1.0 Watt 
Minimum Gain = 15 dB 
Efficiency = 45%. 


e@ Emitter Ballast and Low Current Density for Improved MTBF 


@ Common Emitter for Improved Stability 


MAXIMUM RATINGS | | | 


[otalecrerbeslelesi S ( Wegg fa eve oe 
ieee ee 
P eslector onsets consensus) Nee 7 si oe 
emerson | fe |e 
| Derate above 25°C . 35 mw/°C | 

Ease 


Storage Temperature Range | — 65 to +150 


THERMAL CHARACTERISTICS 7 | x, 
| Characteristic | Symbol | Max 
[Thermal Resrtance, Junction to Gawe | Rose °ciW 


CASE 305A-01 


eae ae Sie eae eee See ee ee ee ee ee 
MOTOROLA RF DEVICE DATA 


2-522 


MRF313 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 


[Characteristic SSS*dYCSCSvembot [Min “Typ (Max [Unt] 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 30 
(ic = 10 mAdc, Ip = 0) oa 
‘Collector-Emitter Breakdown Voltage : 35. 
(Ic = 5.0 mAdc, Vee = 0) 
Collector-Base Breakdown Voltage. 35 
(ic = 0.1 mAdc, IE = 0) . 
.O 


Emitter-Base Breakdown Voltage ~ ViIBR)EBO 3 
(IE = 1.0 mAdc, Ic = 0) . 

Collector Cutoff Current : ICEO 
(Vce = 20 Vde, tp = 0) 

ON CHARACTERISTICS 


DC Current Gain hee 20 150 
(i¢ = 100 mAdc, Vee = 10 Vdc) 


DYNAMIC CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(tc = 100 mAdc, Vcg = 20 Vdc, f = 200 MHz) 


Output Capacitance 
(Vcp = 28 Vdc, Ile = 0, f = 1.0 MHz) 


FUNCTIONAL TEST 
Common-Emitter Amplifier Power Gain(1) 
(Vcc = 28 Vdc, Poyt = 1.0 W, f = 400 MHz) 
Collector Efficiency 
(Vcc = 28 Vdc, Pout = 1.0 W, f = 400 MHz) 
Series Equivalent Input Impedance 
(Vcc = 28 Vdc, Pout = 1.0 W, f = 400 MHz) 
Series Equivalent Output |mpedance 
(Voc = 28 Vdc, Pout = 1.0 W, f= 400 MHz) 


(1) Class C 


RF Output 


C1,C2,C4:° 1.0-20 pF JOHANSON’ 9063 L1,L3 5 Turns, AWG. #20, %” 1.D. . 
- C3 1.0-10 pF JOHANSON L2 Ferrite Bead, FERROXCUBE R 4.7 Ohms, % W 
' C5 150 pF Chip - ; No. 56-590-65/4B. ws Z1 2.0" x 0.1" MICROSTRIP LINE 
C6 0.1 uF © . L4 FERROXCUBE VK200-20/48 22,23 2.6’’x 0.1” MICROSTRIP LINE 
C7,C8 680 pF Feedthru Input/Output Connectors — Type N 
cS 1.0KF TANTALUM Board — Glass Teflon, € = 2.56, t = 0.062” 


MOTOROLA RF DEVICE DATA 
2-523 


MOTOROLA | 
ae SEMICONDUC?PQR ys es 
TECHNICAL DATA | MRF314 


MRF314A 


The RF Line ; | 
3 30 W—30-200 MHz 


RF POWER 
NPN SILICON RF POWER TRANSISTORS TRANSISTORS 


; : : : : : PN SILICON 
... designed primarily for wideband large-signal driver and output en as 


amplifier stages in the 30 —200 MHz frequency range. 


@ Guaranteed Performance at 150 MHz, 28 Vde 


Output Power = 30 Watts 
Minimum Gain = 10 dB 


@ 100% Tested for Load Mismatch at All Phase 
Angles with 30:1 VSWR 


STYLE 1: 
® Gold Metallization’System for Hig' Reliability Applications ee 
3. EMITTER 
4. COLLECTOR 


MRF314 


MAXIMUM RATINGS 


Total Device Dissipation @ Tc = 25°C (1) 
Derate above 25°C. 


Thermal Resistance, Junction to Case = i bee 


; 3. EMITTER 
(1) These devices are designed for RF operation. The total device dissipation 4, COLLECTOR 


rating applies only when the devices are operated as RF amplifiers. 


MRF314A 


CASE 145-09 


_ MOTOROLA RF DEVICE DATA 


2-524 


MRF314, MRF314A 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 


OFF CHARACTERISTICS 
Collector-Emitter Breakdown Voltage V(BR)CEO iGo 
| lig =30 mAde, Ig = 0) 
_| Collector-Emitter Breakdown Voltage V(BR)CES 
(i¢ = 30 mAdc, Vee =0) . 
Collector-Base Breakdown Voltage V(BR)CBO 
(I¢ = 30 mAde, Ie = 0) 


| Emitter-Base Breakdown Voltage 

(Ie = 3.0 mAdc, Ic = 0) 

Collector Cutoff Current 

(Vcop = 30 Vdc, Ie = 0) 
ON CHARACTERISTICS 
DC Current Gain 

(tc = 1.5 Adc, Vce-= 5.0 Vdc) 


DYNAMIC CHARACTERISTICS 


Output Capacitance 
(Vcp = 30 Vdc, Ig = 0, f = 1.0 MHz) : 


FUNCTIONAL TESTS (Figure 1) 


Common-Emitter Amplifier Power Gain 
(Vcc = 28 Vdc, Poyt = 30 W, f = 150 MHz). 


Collector-Efficiency 


(Voc = 28 Vdc, Pout = 30 W, f = 150 MHz) 

Load Mismatch 
(Vec = 28 Vdc, Pout = - 30 W, f = 150 MHz, . No Degration in Power Output 
VSWR = 30:1 all phase angles 


FIGURE 1 — 150 MHz TEST CIRCUIT 


R2 


. ; O DC +28 Vde 


.c8 co c10 
Rrc2 Lo Sess le 


C7 
C1 RF Output 
APinens , 3 a a = — 


i C3 - T | | il 


C1, C7 — 18 pF, 100 mil ATC R1,R2—102, 1.0W 

C2 — 68 pF, 100 mil ATC | 

C3, C6 — Johanson #JMC 5501 | RFC1 — 15 uH Molded Coil 

C4 — 270 pF, 100 mil ATC _ 7 RFC2 — 2 Turns, 2.5'' #20 Wire, ID = 0,2"’ 
C5 — 240 pF, 100 mil ATC RFEC3 — Ferroxcube VK 200— 19/48 

C8, C9 — 100 pF Underwood 21 — Microstrip 0.168’’ W x 1.6” L 

C10 — 1.0 uF Tantalum 22 — Microstrip 0.168’ W x 1.2” L 

L1— 2-Turns, 2.5" #20 Wire, 1D = 0.275" Board — Glass Teflon ER ~~ 2.55 


MOTOROLA RF DEVICE DATA 
2-525 


MRF314, MRF314A 


TYPICAL PERFORMANCE CURVES 


FIGURE 2 — OUTPUT POWER versus INPUT POWER 
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FIGURE 5 — EFFICIENCY (7%) versus FREQUENCY 


FIGURE 4 — POWER GAIN versus FREQUENCY 
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MOTOROLA RF DEVICE DATA 


2-526 


MRF314, MRF314A 


FIGURE 6 — SERIES EQUIVALENT INPUT/OUTPUT IMPEDANCE 
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FIGURE 7 — TEST FIXTURE 


MOTOROLA RF DEVICE DATA 
2-527 


es SEMICONDUCTOR Pe ee es ee 


MOTOROLA 


TECHNICAL DATA 


NPN SILICON RF POWER TRANSISTORS 


... designed primarily for wideband large-signal output amplifier 
Stages in the 30—200 MHz frequency range. | 


® Guaranteed Performance at 150 MHz, 28 Vdc 


Output Power = 45 Watts 
Minimum Gain = 9.0 dB 


@ 100% Tested for Load Mismatch at All Phase 
Angles with 30:1 VSWR” | 


@ Gold Metallization System for High Reliability Applications 


MAXIMUM RATINGS 


Total Device Dissipation @ Tc = 25°C (1) | 


. 40 
Derate above 25°C . : 


110° Watts 
0.63 |’ w/c 
Beto H180[ 


2-528 


MOTOROLA RF DEVICE DATA 


 MIRF315 


MRF315A 


45 W — 30-200 MHz 


RF POWER 
TRANSISTORS 


NPN SILICON : 


PIN 1. EMITTER 
2. BASE 
3, EMITTER 
4. COLLECTOR 


faa MILLIMETERS [INCHES | 
| MIN | MAX | MIN | MAX | 
A mae 2b | abt | 0.990 _| 


MRF315 


CASE 211-07 


PIN 1, EMITTER 
2. BASE 
3. EMITTER 
4. COLLECTOR 


| MIN | MAX | MIN | MAX | 

-{ A [| 940 | 9.78 | 0.370 | 0.385 | 
|B | 813 | 838 | 0.320 | 0.230 | 
|_¢ | 17.02 [ 20.07 {| 0.670 | 0.790 _| 
| 5.97 | 0.215 | 0.235 | 

LE] 17a] — | oom | — | 

[ J [008 | 0.18 {| 0.003 | 0.007 | 
| — | 040 | — | 


| K | 12.45] 
MRF315A | L_[ 140 | 1.78 | 0.056 | 0.070_| 
PM [| 4s°NOM [| 45°NOM | 


CASE 145A-09 


MRF315, MRF315A 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 


Characteristics 


OFF CHARACTERISTICS 
Collector-Emitter Breakdown Voltage 
{Ic = 40 mAdc, Ig = 0) 
| Collector-Emitter Breakdown Voltage 
(I¢ = 40 mAdc, Vege = 0) 
Collector-Base Breakdown Voltage 
(I¢ = 40 mAdc, ig =0) 
Emitter-Base Breakdown Voltage — 
(Ile = 4.0 mAdc, Ic = 0) © 
Collector Cutoff Current 
(Vcp = 30 Vde, Ig - 0) 


ON CHARACTERISTICS 


DC Current Gain 
(Ic = 2.0 Adc, Voge = 5.0 Vde) | 


DYNAMIC CHARACTERISTICS 
Output Capacitance 


(Vog = 30 Vde, Ig = 0, f = 1.0 MHz) 
FUNCTIONAL TESTS (Figure 1) 
Common-Emitter Amplifier Power Gain 

(Voc = 28 Vde, Pout = 45 W, f = 150 MHz) 
Collector Efficiency . 

(Vcc = 28 Vdc, Pout = 45 W, f = 150 MHz) 

.Load Mismatch a: 
(Vcc = 28 Vde, Pout = 45 W, f = 150 MHz, 
VSWR = 30:1 all phase angles) 


No Degradation in Power Output 


FIGURE 1 — 150 MHz TEST CIRCUIT 


O +28 Vdc 
RFC3 
cg C10 C11 
RFC2 i a . ij 
L2 th fo 
= ee 
C1. L1 .c8 Output 
RE (\~ 
C6 7 
C2 c3 _ *RFCI . 


C1 — 30 pF, 100 mil ATC 
. C2—47 pF, 100 mil ATC | 
C3, C7 — Johanson #JMC 5501 
C4, C5 — 200 pF, 100 mil ATC 
. C6 — 24 pF, 100 mil ATC 
cs — 27 pF, 100 mil ATC 
C9, C10 — 100 pF Underwood 
C11 — 1.0 pF Tantelum 


— 0.5’ #18 Wire 7 
L2— 2 Turns, 1.5’ #20 Wire, 1D = 0.15” . 


21, Z2 — Microstrip 0. 168"° W x1 25" L 


RFC1 — 15 uh Moided Coil 
RFC2 — 2 Turns, 2.5'' #18 Wire, ID = oz” 
RFC3 — Ferroxcube VK200~ 19/4B , 


Board — Gite Teflon em = 2.55 


MOTOROLA RF DEVICE DATA 
2-529 


MRF315, MRF315A 


TYPICAL PERFORMANCE CURVES 


_ FIGURE 2 ~ OUTPUT POWER versus INPUT POWER 
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MRF315, MRF315A 


FIGURE 6 — SERIES EQUIVALENT INPUT-OUTPUT IMPEDANCE 
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*ZoL = Conjugate of the optimum load impedance into which the device output operates at a given output power, voltage and frequency. 


FIGURE 7 — TEST FIXTURE 


MOTOROLA RF DEVICE DATA 
2-531 


MOTOROLA 
es SEMICONDUCTOR 
TECHNICAL DATA. 


ss "Phe RF Line | 7 


NPN SILICON RF POWER TRANSISTOR 


... designed primarily for wideband large-signal output amplifier 
stages in the 30—200 MHz frequency range. 


Guaranteed Performance at 150 MHz, 28 Vdc 
Output Power = 80 Watts 
Minimum Gain = 10 dB 

Built-In Matching Network for Broadband Operation 

100% Tested for Load Mismatch at all Phase Angles 
with 30:1 VSWR . 


Gold Metallization System for High Reliability Applications 


MAXIMUM RATINGS 
Rating 


Collector Current — Continuous 
‘Peak 


Total Device Dissipation @ Tc = 25°C (1) 
Derate above 25°C _. ra 


Storage Temperature Range = -_ 


THERMAL CHARACTERISTICS 2 8 
| Characteristic =| Symbol 
[Fremat Reitane,Junetion to Gam | 


(1) This device is designed for RF operation. The total device dissipation rating applies 


only when the device is operated as an RF amplifier. 


2-532 


MOTOROLA RF DEVICE DATA 


MRF316 


80 W — 30-200 MHz 


CONTROLLED “Q” 
BROADBAND RF POWER 
TRANSISTOR 


NPN SILICON 


STYLE 1: 
PIN 1; EMITTER 
2. COLLECTOR 
3, EMITTER 
ae _ 4, BASE 


FLANGE |S ISOLATED IN ALL STYLES. 


ao 
isa) 
© 
=o 


SIEISIBIRISIRIB|Ie 
2 S Ie | [NR Ir |S [= 
BOD /S [S/S IS |S lO 


[3.04 | 0.085 _| 
| 5.33 | 0.200 | 
rete 
a 0,405 

4.06 


12.57, | 0.470 


CASE 316-01 


MRF316 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 


[S~S”SSC~*~Carataristics «dS Min ~~~ typ «SMa [nt 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage | V(BR)CEO 
(I¢ = 50 mAde, tp = 0) 


Collector-Emitter Breakdown Voltage . V(BR)CES 
(Ic = 50 mAde, Vg_E = 0) 


Collector-Base Breakdown Voltage V(BR)CBO 


(I¢ = 50 mAdc, IE = 0) 

Emitter-Base Breakdown Voltage A ee eee eae Vde 
(te =5.0mAdc, Ic =0) | 

Collector Cutoff Current 
(Vcp = 30 Vdc, Ie = 0) 

ON CHARACTERISTICS 


DC Current Gain hee 
(I¢ = 4.0 Adc, Veg = 5.0 Vdc) 


DYNAMIC CHARACTERISTICS 


(Vcp = 28 Vdc, Ie = 0, f = 1.0 MHz) 
NARROW BAND FUNCTIONAL TESTS (Figure 1) 
Common-Emitter Amplifier Power Gain 

(Vcc = 28 Vdc, Pout = 80 W, f = 150 MHz) 


Collector Efficiency 
(Vcc = 28 Vdc, Pout = 80 W, f = 150 MHz) 


Load Mismatch No Degradation in Power Output 
(Voc = 28 Vdc, Pout = 80 W CW, f = 150 MHz, 


VSWR 30:1 all phase angles) 


FIGURE 1 — 150 MHz TEST AMPLIFIER 


RFC6 
O +28 Vdc 


‘iia 


RFCS 
L2 c12 
C1 L1 ada (—_~< 
RFC4 
c5 C6 cg c10 C11 
C2 c3 C4 RFC1 
; T 

C1 — 22 pF 100 mil ATC L1 — 0.8, #20 Wire 
C2, C3 — 24 pF 100 mil ATC L2 — 1.0’, #20 Wire 
CS — 200 pF 100 mil ATC c7 RFC1, RFC4 — 0.15 WH Molded Coil 
C6 — 240 pF 100 mil ATC R1 RFC2, RFC3 — Ferroxcube Bead 56-590-65-3B 
C7 — Dipped Mica 1000 pF LJRFCS3 RFCS — 2.5", #20 Wire, 1.5 Turns 
C8 — 0.1 uF Erie Red Cap RFC6 — Ferroxcube VK200 — 19/48 
cg, C10, C12 — 30 pF 100 mil ATC = — is 
C13 — 1.0 uF Tantalum R1— 1002, 1/2W 


R2,R3—102,1W 


EN | 
MOTOROLA RF DEVICE DATA ~ 
2-533 


MRF316 


TYPICAL PERFORMANCE CURVES 


FIGURE 2 — OUTPUT POWER versus INPUT POWER 
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FIGURE 4 — OUTPUT POWER versus SUPPLY VOLTAGE 


f = 100 MHz 


FIGURE 3 — POWER GAIN versus FREQUENCY 
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FIGURE 6— OUTPUT POWER versus SUPPLY VOLTAGE 
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FIGURE 5 — OUTPUT POWER versus SUPPLY VOLTAGE 
f = 150 MHz 
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MOTOROLA RF DEVICE DATA 


2-534 


MRF316 


FIGURE 7 — SERIES EQUIVALENT INPUT-OUTPUT IMPEDANCE 
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*Zo_ = Conjugate of the optimum load impedance into which the device output operates at a given output power, voltage and. frequency. 


FIGURE 8 — TEST FIXTURE 


MOTOROLA RF DEVICE DATA 
2-535 


MOTOROLA | 


@ SEMICONDUCIO yyy 
TECHNICAL DATA ae oe  MRF317 


The RF Line | 


NPN SILICON RF POWER TRANSISTOR 


100 W —30-200 MHz 


CONTROLLED Q 
BROADBAND RF POWER 
TRANSISTOR 


. . . designed primarily for wideband large signal output amplifier 
stages in 30 —200 MHz frequency range. 


NPN SILICON 


e Guaranteed Performance at 150 MHz and 28 Vdc 
Output Power = 100 W 
Minimum Gain =9dB 


® Built-in Matching Network for Broadband Operation 


@ 100% Tested for Load Mismatch at All Phase Angles with 
~ 30:1 VSWR : 


® Gold Metallization System for High Reliability 


® High Output Saturation Power — Ideally Suited for 30 W Carrier/ 
120 W Peak AM Amplifier Service 


Guaranteed Performance in Broadband Test Fixture 


MAXIMUM RATINGS 


. Rating 
Collector-Emitter Voltage 


Collector-Base Voltage 


Emitter-Base Voltage 


—- A 
STYLE 1: 
PIN 1, EMITTER 
2. COLLECTOR 
3. EMITTER 
4, BASE 


Collector Current — Continuous. ha a 
— Peak (10 seconds ) _ 
Total Device Dissipation @ Tc = 25°C (1). 
Derate Above 25°C 


NOTE: 
_ FLANGE IS ISOLATED IN ALL STYLES. 


— -65 to +150. 


THERMAL CHARACTERISTICS © 


Thermal Resistance, Junction to Case 065 


an 


(1) This device is designed for. RF operation. The total device dissipation rating applies 
only when the device is operated as an RF amplifier. Dh ES 
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CASE 316-01 


MOTOROLA RF DEVICE DATA 


2-536 


MRF317 0 : = 


ELECTRICAL CHARACTERISTICS aiie = 25°C unless otherwise noted.) 


OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage , V(BR)CEO 
(I¢ = 100 mAdc, Ip = 0) 

Collector-Emitter Breakdown Voltage ao | V(BR)CES 
(I¢ = 100 mAdc, Veg = 0) 


Collector-Base Breakdown Voltage , 
(I¢ = 100 mAdc, IE = 0) : be 

Emitter-Base Breakdown Voltage 
(1g = 10 mAdc, Ic = 0) . 

Collector Cutoff Current 
(Vcp = 30: Vdc, IE = 0) 

ON CHARACTERISTICS 


DC Current Gain 
(I¢ = 5.0 Adc, Vce = 5.0 Vdc) 


DYNAMIC CHARACTERISTICS 


Output Capacitance 


(Veg = 28 Vdc, Ie = 0, f = 1.0 MHz) 
FUNCTIONAL TESTS (FIGURE 2) 
Common-Emitter Amplifier Power Gain 
(Vcc = 28 Vde, Poyt = 100 W, f = 150 MHz’, Ic (Max) = 6.5 Adc) 
Collector Efficiency 
(Voc = 28 Vdc, Poyt = 100 W, f = 150 MHz , Ic (Max) = 6.5 Adc) 
Load Mismatch No Degradation in Output Power 
(Vcc = 28 Vde, Pout = 100 W CW, f = 150 MHz, VSWR = 30:1 
all phase angles) 


FIGURE 1 — BROADBAND (110-160 MHz) TEST FIXTURE 


6 Inches 
15.24 cm 


MOTOROLA RF DEVICE DATA 
2-537 


MRF317 


FIGURE 2 — 110-160 MHz BROADBAND AMPLIFIER — TEST FIXTURE 
R2 - 


= IREC3 
= 4c 
_ RFC2 C13 RFC6 
O O DC +28 Vdc 


RFC1 


L3 L4 C10 
C1 L2 1V {——< RF Output 
RF Input @ 
. \ba DUT 
= i ha ita C6 T a i ie 
C1, C9 — 39 pF, 100 mil ATC . L1—50nH 
C2 — 120 pF, 100 mil ATC L2—6.0nH 
C3, C4 — 360 pF, 100 mil ATC L3 —- 8.0 nH 
C5 — 1000 pF Dipped Mica L4—32nH 
| C6, C7 — 100 pF, 100 mil ATC* RFC1 — 0.15 WH Molded Coil 
c8 — 18 pF, 100 mil ATC* RFC2, RFC3 — Ferroxcube Bead 56-590-65/3B 
C10 — 43 pF, 100 mil ATC RFC4 — 1 Turn, #18 Wire, 2.07 L 
C11 — 60 pF, Underwood ; RFCS — Ferroxcube VK200 19/48 
C12 — 0.1 uF Erie Redcap RFC6 — 7 Turns, #18 Wire, 0.3’’ 1D 
C13 — 1000 pF, Underwood J102 R1—1021/2W 
R2,R3—10221W 
*Combination of C6, C7, C8 equals 220 pF. 
FIGURE 3 — POWER GAIN versus FREQUENCY FIGURE 4 — SERIES EQUIVALENT 
BROADBAND TEST FIXTURE. INPUT-OUTPUT IMPEDANCE 
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*ZQ, = Conjugate of the optimum load impedance into which the device output operates 
at a given output power, voltage, and frequency. 
FIGURE 6 — INPUT VSWR versus FREQUENCY 
BROADBAND TEST F IXTURE 


FIGURE 5 — EFFICIENCY versus FREQUENCY 
BROADBAND TEST FIXTURE 
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MOTOROLA RF DEVICE DATA 
2-538 


MRF317 


TYPICAL PERFORMANCE CURVES | 


FIGURE 7 — OUTPUT POWER versus INPUT POWER 
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FIGURE 8 — POWER GAIN versus FREQUENCY 


Gpe, COMMON EMITTER POWER GAIN (db) 


FIGURE 10 — POWER OUTPUT versus SUPPLY VOLTAGE 


f = 150 MHz 


Pout, POWER OUTPUT (WATTS) 


Vec, SUPPLY VOLTAGE (VOLTS) 


2-539 


Pout, POWER OUTPUT (WATTS) 
\ i 


FIGURE 9 — POWER OUTPUT versus SUPPLY VOLTAGE 


f= 100 MHz 
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FIGURE 11 — POWER OUTPUT versus SUPPLY VOLTAGE 
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MOTOROLA RF DEVICE DATA 


MOTOROLA 
sa SEMICONDUCTOR am 
TECHNICAL DATA 


MRF321 


| The RF Line 


10 W — 400 MHz 


RF POWER 


TRANSISTOR 
NPN SILICON RF POWER TRANSISTOR 


NPN SILICON 


. . . designed primarily for wideband large-signal driver and predriver 
amplifier stages in the 200—500 MHz frequency range. 


® Guaranteed Performance at 400 MHz and 28 Vdc 
Output Power = 10 Watts 
Minimum Gain = 12 dB 
Efficiency = 50% 


@ 100% Tested for Load Mismatch at All Phase Angles with 
30:1 VSWR 


@® Gold Metallization System for High Reliability 


© Computer-Controlled Wirebonding Gives Consistent 
Input Impedance 


MAXIMUM RATINGS 


STYLE 1: 
PIN 1. EMITTER 


Collector Current — Continuous 2. BASE 
mip aay , 3, EMITTER 


4, COLLECTOR 
Total Device Dissipation @ Ty = 25°C (1) 
Derate above 25°C 


INCHE 
Storage Temperature Range 
6.50 
| 0.650_| 


16.51 


(1) This device is designed for RF operation. The total device dissipation rating applies 
only when the device is operated as an RF amplifier. 


THERMAL CHARACTERISTICS 


Symbol 


Thermal Resistance, Junction to Case 


CASE 244-04 


MOTOROLA RF DEVICE DATA 


2-540 


MRF321 


ELECTRICAL PHARAGTERISIICS ANG = 25°C unless otherwise noted.) 


[SSSSCSSC«avacterisin —SSSSSS*d;CS vib [in <M «(Unt 


OFF CHABBETERISTICS 
(I¢ = 20 mAdc, Ig = 0) 
- Collector-Emitter Breakdown Voltage Sse ae 
(i¢ = 20 mAdc, Vg_ = 0) ; 7 
Collector-Base Breakdown Valtage Pee ee le eles Vdc 


Emitter-Base Breakdown Voltage 
(ie = 2.0 mAdc, Ic = 0) 
Collector Cutoff Current 
. (Vcp = 30 Vde, Ie.=0) 
ON CHARACTERISTICS 
DC Current Gain 

(Ic =500 mA, VcE = 5.0 Vde) 
DYNAMIC CHARACTERISTICS 


(1¢ = 20 mAde, I¢ = 0) 
V(BR)EBO 


FUNCTIONAL TESTS (FIGURE 1) 
Common-Emitter Amplifier Power Gain . 
(Vcc = 28 Vdc, Pout = 10 W, f = 400 MHz) | 
Collector Efficiency 
(Vcc = 28 Vdc, Pout = 10 W, f = 400 MHz) 


- Load Mismatch i ~ No Degradation in Output Power 
(Vcc = 28 Vde, Pout = 10, f = 400 MHz, VSWR = 30:1 
all phase angles) 


FIGURE 1 — 400 MHz TEST CIRCUIT 


R2 R3 


O+ 
' + 28 V 
- D1 R4 cg “C10 C11 Cci2 C13 _ 
L3 ~ 
1 


cs 
RFE 
a 
ay 
diese 2 
nput @ , 


C1 c2 c3 c4 C5 C6 C7 


L1 — 0.33 WH Moided Choke with Ferroxcube Bead 
(Ferroxcube 56-590-65/4B) on Ground End of Coil 


C1, C2, C3 — 1.0—20 pF Johanson Trimmer (JMC 5501) L2 —~ 4 Turns #20 Enamel, 1/8”’ ID 
C3, C4 — 47 pF ATC Chip Capacitor L3 — 6 Turns #20 Enamel, 1/4’ ID 
C5, C10 — 0.1 pF Erie Redcap , L4 — Ferroxcube VK 200-19/4B 
C7 — 0.5—10 pF Johanson Trimmer (JMC 5201) 21 — Microstrip 0.1" Wx 1.35" L 
C8 — 0.018 uF Vitramon Chip Capacitor Z2 — Microstrip 0.1 Wx 0.55” L 
C9 — 200 pF UNELCO Capacitor Z3 — Microstrip 0.17 Wx 0.8" L 
Gli Cle 280 pee eeday Z4 — Microstrip 0.1” Wx 1.75" L 
C13 — 1 uF, 50 Volt Tantalum Capacitor 
D1 — 1N4001 | 
R1 — 5.1 2, 1/4 Watt Board — Glass Teflon, ép = 2.56, t = 0.062” 


R2 — 120 2, 1 Watt 
R3 — 20 Q, 1/2 Watt 
| R4— 47 Q, 1/2 Watt 


Input/Output Connectors — Type N 


MOTOROLA RF DEVICE DATA 
2-541 © 


MRF321 


INPUT POWER 


FIGURE 3 — OUTPUT POWER versus 


FIGURE 2 — OUTPUT POWER versus FREQUENCY 
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FIGURE 5 — POWER GAIN versus FREQUENCY 


FIGURE 4 — OUTPUT POWER versus SUPPLY VOLTAGE 
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~MOTOROLA RF DEVICE DATA 


2-542 


MRF321 
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FIGURE 6 — SERIES EQUIVALENT IMPEDANCE 
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Output power, voltage and frequency. 


ice output operates at a given 
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“MOTOROLA RF DEVICE DATA 


2-543 


ma SEMICONDUCTO 


MOTOROLA | | 
TECHNICAL DATA 


The RF Line 


NPN SILICON RE POWER TRANSISTOR 


ios designed primarily for wideband large-signal driver and predriver 
amplifier stages in the 200-500 MHz frequency range. 


®@ Guaranteed Performance at 400 MHz and 28 V 
_ Output Power = 20 Watts 
Minimum Gain = 10 dB 
Efficiency = 50% 


e@ 100% Tested for Load Mismatch at all Phase Angles with 
' 30:1 VSWR 
@ Gold Metallization System for High Reliability 


@ Computer-Controlled Wirebonding Gives Consistent Input 
Impedance 


MAXIMUM RATINGS 


| 33 
| 60 
| 40 
Collector Current — Continuous oo ee 
— Peak 
Total Device Dissipation @ Tc = 25°C (1) ae 
Derate above 25°C 


(1) This device is designed for RF operation. The total device dissipation rating applies 
only when the device is operated as an RF amplifier. 


THERMAL CHARACTERISTICS 
[Characteristic | Symbot_| Max | 


MOTOROLA RF DEVICE DATA 


2-544 


MRF323 


20 W — 400 MHz 


RF POWER 


TRANSISTOR 


NPN SILICON 


STYLE 1: 
PIN 1. EMITTER - 
2. BASE 
3, EMITTER 
4, COLLECTOR 


CASE 244-04 


MRF323 


ELECTRICAL CHARACTERISTICS ae 25°C unless otherwise noted.) 


[wee [we [ee 
(Ic = 20 mAde, Ip = 0) 


Collector-Emitter Breakdown Voltage V(BR)CES 
(Ic = 20 mAdc, Vee = 0) 


Characteristic 


_ OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 


Collector-Base Breakdown Voltage V(BR)CBO © 
(I¢ = 20 mAdc, Ie = 0) . 

| Emitter-Base Breakdown Voltage WieRieso 

(lg = 2.0 mAdc, Ic = 0) 


tt 
iy 
iH 


Collector Cutoff Current 
(VcpB = 30 Vdc, Ie = 0) 


ON CHARACTERISTICS © 


DC Current Gain 
(Ie = 1.0 Adc, Vcg = 5.0 Vde) 


DYNAMIC CHARACTERISTICS 


| Output Capacitance 
(Vop = 28 Vdc, le =0,f=1.0 MHz) 


FUNCTIONAL TESTS (Figure 1) 


| Common-Emitter Amplifier Power Gain 
(Veg = 28 Vdc, Poyt = 20 W, f = 400 MHz) 
Collector Efficiency 
(Veo = 28 Vde, Pout = 20 W, f = 400 MHz) 


Load Mismatch . 
(Vcc = 28 V, Pout = 20 W, f = 400 MHz, No Degradation in Output Power 
VSWR = 30:1 all phase angles) 


FIGURE 1 — 400 MHz TEST CIRCUIT 


L4 
e O oe + 
28 V 
cg C10 * — 
cs C11 
C12 tt 
DUT , 
L2 
fi 
pF Input > om aa 
C6 C7 
L149. C5 
C1 C2 C3 C4 
C1, C2, C6 — 1.0-20 pF Johanson Trimmer (JMC 5501) L2—6 Turns #20 Enamel, %"' 1D, Closewound 
C3, C4 — 47 pF ATC Chip Capacitor L3 — 4 Turns #20 Enamel, 1/8” 1D, Closewound 
cS, C8 — 0.1 uF Erie Redcap L4 — Ferroxcube VK200 — 19/4B 
C7 — 0.5-10 pF Johanson Trimmer (JMC 5201) Z1 — Microstrip 0.17 W x 1.35" L 
c9, C10 — 680 pF Feedthru Z2 — Microstrip 0.17. W x 0.55" L 
C11 — 1.0 uF 50 Volt Tantalum Z3 — Microstrip 0.1° Wx 0.8" L 
C12 — 0.018 uF Vitramon Chip Capacitor 24 — Microstrip 0.1°° W x 1.75” L 
R1— 5.12 1/4 Watt Board — Glass Teflon GR = 2.56 t= 0.062” 
‘L1— 0.33 WH Molded Choke with Ferroxcube Bead Input/Output Connectors — Type N 


(Ferroxcube 56-590-65/48) on Ground End 


MOTOROLA RF DEVICE DATA 
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MRF323 


OUTPUT POWER versus INPUT POWER 


FIGURE 3 


OUTPUT POWER versus FREQUENCY 


_ FIGURE 2 


EEN 
LENT 


“yn 


(SLLVM) YAMOd LNdLAO “d 


ae rs POWER (WATTS) 


f, FREQUENCY (MHz) 


FIGURE 5 — POWER GAIN versus FREQUENCY 


FIGURE 4 — OUTPUT POWER versus SUPPLY VOLTAGE _ 
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MOTOROLA RF DEVICE DATA 


2-546 


MRF323 


FIGURE 6 — SERIES EQUIVALENT IMPEDANCE 
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MOTOROLA RF DEVICE DATA 
2-547 


MOTOROLA 
@ SEMICONDUCQ, yyy a 
TECHNICAL DATA | | 


- - The RF Line 


NPN SILICON RF POWER TRANSISTOR | | BROADBAND RF POWER 
| TRANSISTOR 


30 W — 225-400 MHz 
CONTROLLED “Q” 


... designed primarily for wideband large-signal output and driver 
amplifier stages in the 100-500 MHz frequency range. ' = NPN SILICON 


® Specified 28 Volt, 400 MHz Characteristics — 
Output Power = 30 Watts 
Minimum Gain = 8.5 dB 
| Efficiency = 54% (Min) 
® Built-In Matching Network for Broadband Operation 
i Using Internal Matching Techniques 


@ 100% Tested for Load Mismatch at all Phase Angles with 30:1 _ 
VSWR : 


®@ Gold Metallization for High Reliability Applications 


MAXIMUM RATINGS 


ee 


VcCBO 


Total Device Dissipation @ Te = 25°C (1) 


Collector Current — Continuous Ic 
— Peak : 


Derate above 25°C 


: A 
Storage Temperature Range —65 to + 150 STYLE 1: 


PIN 1. EMITTER 
2, COLLECTOR 
3, EMITTER 
4, BASE 


FLANGE IS ISOLATED IN ALL STYLES. 


THERMAL CHARACTERISTICS 


Characteristic 
Thermal Resistance, Junction to Case 


(1) This device is designed for RF operation. The total device dissipation rating applies 
only when the device is operated as an RF amplifier. 


MOTOROLA RF DEVICE DATA 
2-548 


MRF325 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(I¢ = 30. mAdc, !g = 0) 


ON CHARACTERISTICS 


DC Current Gain 
(Ic = 1.5 Adc, Vcg = 5.0 Vdc) 


DYNAMIC CHARACTERISTICS - 


Output Capacitance 


(Vg = 28 Vdc, Ie = 0, f = 1.0 MHz) 


FUNCTIONAL TESTS (Figure 1) 


Common-Emitter Amplifier Power Gain 
(Vcc = 28 Vde, Pout = 30 W, f = 400 MHz) 
Collector Efficiency 
~ (Vec = 28 Vdc, Pout = 30. W, f = 400 MHz) 
Load Mismatch 
(Voc = 28 Vdc, Pout = 30 W, 
f = 400 MHz, VSWR = 30:1 all angles) 


No Degradation in Output Power 


FIGURE 1 — 400 MHz TEST CIRCUIT 


c2 
eo | 21 fo 


C1 C3 C4 cs 


RF 
Input 


C1, C9 — 1.0—10 pF Johanson Capacitor (JMC 5201) 

C2, C3, C6, C7 — 1.0—20 pF Johanson Capacitor (JMC 5501) 

C4, C5 — 36 pF ATC 100-mil Chip Capacitor 

C8 — 100 pF UNELCO 

c10,€13 — 1.0 uF 50 V Tantalum 

C11, C14 — 680 pF Feedthru 

C12 — 0.1 uF Erie Redcap 

L1 — 8 Turns #26 AWG Enameled, 1/16” |D Closewound 
with Ferroxcube Bead (#56-590-65/4B) on Ground End 


“RE 
Output 


L2 —14 Turns, #22 AWG Enameled, Closewound on a 470 22, 
2 Watt Resistor with Ferroxcube Bead (#56-590-65/4B) 
on Coid End of L2 : Re 

L3 — Ferroxcube VK200-19/4B Ferrite Choke 

21 — Microstrip 0.19’° W x 0.88’°° L 

22 — Microstrip 0.28’ W x 1.0” L 

Z3 — Microstrip 0.31" Wx 1.25” L 

Board — Glass Teflon ER = 2.56, t = 0.062” 

Input/Output Connectors — Type N 


DUT Socket Lead Frame Etched from 80-mil-Thick Copper 


MOTOROLA RF DEVICE DATA 


2-549 


MRF325 


OUTPUT POWER versus INPUT POWER 


FIGURE 2 
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FIGURE 4 — OUTPUT POWER versus 
SUPPLY VOLTAGE — 400 MHz 
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FIGURE 3 — OUTPUT POWER versus 


(SLLVM) H3MOd LAdino "°g 


Vec. oe VO ere nee 


Voc, SUPPLY VOLTAGE (VOLTS) 


MOTOROLA RF DEVICE DATA 


2-550, 


MRF325 


FIGURE 5 — SERIES EQUIVALENT IMPEDANCE 
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MOTOROLA RF DEVICE DATA 
2-551 


MOTOROLA 
om thee ke dl ie ee Re 
MRF326 


The RF Line 
40 W — 225—400 MHz 


CONTROLLED “Q” 


NPN SILICON RF POWER TRANSISTOR BROADBAND RF POWER — 
ee | ) TRANSISTOR | 
... designed primarily for wideband large-signal output amplifier 


stages in the 100-500 MHz frequency range. NPN SILICON 


® Guaranteed Performance @ 400 MHz, 28 Vdc 


- Output Power = 40 Watts 
Minimum Gain = 9.0 dB 


@ Built-In Matching Network for Broadband Operation 


@ 100% Tested for Load Mismatch at all Phase Angles 
with 30:1 VSWR . 


® Gold Metallization System for High Reliability Applications 


MAXIMUM RATINGS 
[Gollectorate Voltage ——=SC*~*~“~*~*~*~*sdCS cw] «dC 
Femitte-Bare Voltage —~=SC~*~“~*~*~*~s Sew | 


Collector Current — Continuous — - 

STYLE 1: 

ce abaek : PIN 1. EMITTER 
Total Device Dissipation @ Tc = 25°C (1) ie 2. COLLECTOR 

Derate above 25°C ; eameE 
Storage Temperature Range —65 to +150 NOTE: Pes 
_-FLANGE IS ISOLATED IN ALL STYLES. 

THERMAL CHARACTERISTICS | ; 


Thermal Resistance, Junction to Case Rec Ee ee 


(1) This device is designed for RF operation. The total device dissipation rating applies 
only when the device is operated as an RF amplifier. 


MILLIMETERS _ INCHES 


3.81 4.31 
2.92 3.30 


| a | 
Pee ir 
11.94 | 12,57 


CASE 316-01 


MOTOROLA RF DEVICE DATA 
2-552 


MRF326 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 


Symbol_[_Min_[ Typ [Max | Unit 


OFF CHARACTERISTICS 

ick Sa 

. (I¢ = 40 mAdc, Ig = 0) 

Cesecgee ee 

“| (l¢ =40 mAdc, Vege = 0) 

Emitter-Base Breakdown Voltage [ieee ee es ee Vde 
(Ie = 4.0 mAdc, Ic = 0) 


| Collector-Base Breakdown Voltage . 
~ (Ig = 40 mAde, Ie = 0) 

[Pweessovertero | 

| (VcpB = 30 Vdc, Ie = 0) . 
ON CHARACTERISTICS | ee 
DC Current Gain . 

DYNAMIC CHARACTERISTICS . 


Output Capacitance . 
(VcoBp = 28 Vdc, Ie = 0, f = 1.0 MHz) 


FUNCTIONAL TESTS (Figure 1) 


~“Common-Emitter Amplifier Power Gain 
(Voc = 28 Vde, Pout = 40 W, f = 400 MHz, Ic Max = 2.85 Adc) 


Collector Efficiency 


(Voc = 28 Vide, Poyt = 40 W, f = 400 MHz, Ic Max = 2.85 Adc) © 

Load Mismatch . No Degradation 
(Vcc = 28 Vdc, Poy = 40 W CW, f = 400 MHz, Be . in Power Output 
VSWR = 30:1 all phase angles) 


FIGURE 1 — 400 MHz TEST AMPLIFIER 


R1 


R3 cg 
+ C13 = 
3 TE 
RF SO aH Le ie 
Input ~ (OD \ ha, DUT 
= 4 L4 
C1 C2 C3 C5 
<A R2 
—e — — = — = ji C12 — 
C1 — 1.0-10 pF Johanson, Capacitor (JMC 5201) L3 — 8 Turns #20 AWG Enameled, 1/4’ 1D Closewound 
C2, C3, C6, C8 — 1.0-20 pF Johanson Capacitor L4— 4 Turns #26 AWG 0.1" ID 
C4, C5 — 36 pF ATC “B’”’ Style Chip Capacitor R1— 10 Ohm 2.0 W Carbon 
C7, C9, C13 — 100 pF UNELCO Capacitor R2, R3 — 10 Ohm 1,0 W Carbon 
C11 — 680 pF Feedthru Z1 — Microstrip 0.19°°W x 1.287° L 
C10 — 1.0 uF 50 V Tantalum Z2 — Microstrip 0.28°°W x 71.0’°L 
C12 — 0.1 uP Erie Redcap Z3 — Microstrip 0.31" Wx 1.0" L 
L1 — 8 Turns #26 AWG Enameled, 1/16’' ID Closewound Z4 — Microstrip 0.31'°W x 0.9" L 


L2, L5 — Ferroxcube VK200-19/4B Ferrite Choke Board — Glass Teflon €m = 2.56 t = 0.062’ 
Input/Output Connectors — Type N UG58 A/U 


MOTOROLA RF DEVICE DATA 
2-553 


MRF326 


FIGURE 3 — OUTPUT POWER versus SUPPLY VOLTAGE 


f = 225 MHz 


FIGURE 2 — OUTPUT POWER versus INPUT POWER 
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FIGURE 4 — a Se sagt versus SUPPLY VOLTAGE 
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MOTOROLA RF DEVICE DATA 


2-554 


MRF326 


FIGURE 5 — SERIES EQUIVALENT INPUT-OUTPUT IMPEDANCE 
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"Zo, = Conjugate of the optimum load impedance into which the device output operates at a given output power, voltage and frequency. 


MOTOROLA RF DEVICE DATA 
2-555 | 


MOTOROLA 


a SEMICONDUCTOR & 


TECHNICAL DATA | 
| MRF327 


| | The RF Line 
, 80 W — 100-500 MHz 


CONTROLLED “Q” 
BROADBAND RF POWER . 
| TRANSISTOR 


. designed primarily for wideband large-signal output amplifier . NPN SILICON 
stages in the 100-500 MHz frequency range. 


NPN SILICON RF POWER TRANSISTOR 


@ Guaranteed Performance @ 400 MHz, 28 Vdc 
Output Power = 80 Watts over 225—400 MHz Band 
Minimum Gain = 7.3 dB @ 400 MHz 


‘ Built-in Matching Network for Broadband Operation Using 
Double Match Technique 


© 100% Tested for Load Mismatch at all Phase Angles 
with 30:1 VSWR 


Gold Metallization System for High Reliability Applications 
Characterized for 100—500 MHz 


MAXIMUM RATINGS 


Rating 


STYLE1: 
. PIN 1. EMITTER 
— Peak | | 7 / 2. COLLECTOR 
Total Device Dissipation @ Tc = 25°C (1) oi Re oe EMITTER 
Derate abové 25°C . . NOTE 4, BASE 
_ FLANGE IS ISOLATED IN ALL STYLES. 


Collector Current — Continuous 


| Storage Temperature Range 


THERMAL CHARACTERISTICS 


. Characteristic me Symbol 
} Thermal Resistance, Junction to Case Ro JC 


(1) This device is designed for RF operation. The total device dissipation rating applies 
only when the device is operated as an RF amplifier. 


CASE 316-01 


MOTOROLA RF DEVICE DATA 


2-556 


MRF327 


ELECTRICAL CHARACTERISTICS (Tc = sabre unless otherwise noted.) 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
- (I¢ = 80 mAdc, Ig = 0) can 
Collector-Emitter Breakdown Voltage 
(I¢ = 80 mAdc, Vee = 0) 
Emitter-Base Breakdown Voltage 


(Ig =8.0 mAdc, Ic = 0) 
Collector-Base Breakdown Voltage. 

(Ic = 80 mAdc, Ic = 0) 
Collector Cutoff Current 

(Vop = 30 Vdc, Ie = 0) 


ON CHARACTERISTICS 


DC Current Gain 


(Ic = 4.0 Adc, Vcg = 5.0 Vde) 
DYNAMIC CHARACTERISTICS 


Output Capacitance 
(Vcp= 28 Vde, lp = 0, f = 1.0 MHz) 


FUNCTIONAL TESTS (Figure 1) 


Common-Emitter Amplifier Power Gain 
(Voc = 28 Vde, Pout = 80 W, f = 400 MHz) 


Collector Efficiency . 
(Vcc = 28 Vdc, Poyt = 80 W, f = 400 MHz) . 


Load Mismatch 
(Vcc = 28 V, Pout = 80 W, f = 400 MHz, VSWR 30:1 
all phase angles) 


No Degradation in Output Power 


FIGURE 1 — 400 MHz TEST CIRCUIT 


R2 
O O O O CO) + 
L2 
C12 C13 + 28 Vde 
Tr i Je 
L4 
ee R1 C11 . 
— : ; = RF 
: C10 Output 
u a So 
RF DUT ; 
input 
oma oe ‘@ 
NEN C5 C6 C7 7 . ce cg 


C1 C2 ii C3 T c4 


Ci, C2, C7, C8, C2 — 1.0-20 pF Piston Trimmer (Johanson JMC 5501) 

C3, C4 — 36 pF ATC 100 mil Chip Capacitor 

CS, C6 — 43 pF ATC 100-mil Chip Capacitor 

C10 — 100 pF UNELCO 

Cit, C15 — 0.1 wF Erie Redcap 

C12, C13 — 680 pF Feedthru 

C14 — 1.0 pF 50 V Tantalum 

L1 — 4 Turns #22 AWG Enameled, 3/16” ID Closewound with Ferroxcube 
Bead (#56-590-65/4B) on Ground End of Coii 

L2 — Ferroxcube VK200-19/4B Ferrite Choke 

L3 — 7 Turns #18 AWG, 11/16” Long, Wound on a 100 kQ 2 Watt Resistor 


L4 —6 Turns #20 AWG Enameled, 3/16” ID Closewound 
L5 - 4 Turns #22 AWG Enameled, 1/8” 1D Closewound 
21 — Microstrip 0.2” Wx 1.5” L 

22 — Microstrip 0.17" W x 1.16” L 

23 — Microstrip 0.17” W x 0.63" L 

R1,R2— 10 Q 2 Watt 

Board — Glass Teflon GR = 2.56, t = 0.062” 
Input/Output Connectors Type N 


DUT Socket Lead Frame Etched from 80-mil-Thick Copper 


~MOTOROLA RF DEVICE DATA 


2-557 


MRF327 


FIGURE 3 — OUTPUT POWER versus FREQUENCY 


FIGURE 2 — POWER GAIN versus FREQUENCY 


—_ 


(dP) NIVD YaMod ‘349 


f, FREQUENCY (MHz) 


FIGURE 5 — OUTPUT POWER versus SUPPLY VOLTAGE 


f, FREQUENCY (MHz) 


FIGURE 4 — OUTPUT POWER versus SUPPLY VOLTAGE | 
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FIGURE 6 — OUTPUT POWER versus INPUT POWER 
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MOTOROLA RF DEVICE DATA 


2-558 


MRF327 


FIGURE 7 — SERIES EQUIVALENT INPUT-OUTPUT IMPEDANCE 
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201 = Conjugate of the optimum load impedance into which the device output operates at a given output power, voltage and frequency. 


MOTOROLA RF DEVICE DATA 
2-559 


MOTOROLA 


m= SEMICONDUCTOR yyy 


TECHNICAL DATA | 


The RF Line | 


NPN SILICON RF POWER TRANSISTOR 


... designed primarily for wideband large-signal output and driver 
amplifier stages in the 100-500 MHz frequency range. . 


©@ Specified 28 Volt, 400 MHz Characteristics — 
_ Output Power = 100 Watts 
Minimum Gain = 7.0 dB 
Efficiency = 50% (Min) 
@ Built-In Matching Network for Broadband Operation 
Using Double Match Technique 


100% Tested for Load Mismatch at All Phase Angles 
With 3:1 VSWR 


Gold Metallization System for High Reliability 
Replacement for MRF328 


MAXIMUM RATINGS 


Coilector Current — Continuous 
— Peak 


Total Device Dissipation @ Tc = 25°C (1) 
Derate above 25°C 


Storage Temperature Range < 


THERMAL CHARACTERISTICS 


Thermal Resistance, Junction to Case (2) Rec 


(1) This device is designed for RF operation. The total device dissipation rating applies 
only when the device is operated as an RF amplifier. 

(2) Thermal Resistance is determined under specified RF operating conditions by infrared 
measurement techniques. 


MOTOROLA RF DEVICE DATA 
2-560 


MRF329 


100 W — 100-500 MHz 


CONTROLLED “Q” 
BROADBAND RF POWER 
TRANSISTOR 


NPN SILICON 


STYLE 1: 
PIN 1. EMITTER 
2. COLLECTOR 
3, EMITTER 
4. BASE 


1. DIMENSIONING AND TOLERANCING PER ANSI 
Y14.5M, 1982. 
2. CONTROLLING DIMENSION: INCH. 


“MILLIMETERS | INCHES | 
| MIN. | MAX | MIN | 


| 0.10 | 
18.80 


—_— 
Qo 
co 
oS 


0.400 


| P| gat | 10.16 | 0.390 | 
fa | 305 | 342 | 0.120 | 0.135 | 
CASE 333-03 


MRF329 


ELECTRICAL CHARACTERISTICS (T¢ = 25°C unless otherwise noted.) 


ee 


OFF CHARACTERISTICS 28 ss 
Collector-Emitter Breakdown Voltage 30 
(I¢ = 80 mAdc, Ig = 0) ° -  & = . 
| Collector-Emitter Breakdown Voltage 
(Ic = 80 mAdc, Vg_e = 0) 
Emitter-Base Breakdown Voltage | 
(1g = 8.0 mAde, Ic = 0) an , 
Collector-Base Breakdown Voltage 
(lc = 80 mAdc, le = 0) 


Collector Cutoff Current 
(Veg = 30 Vdc, Ie = 0) 


pt | ee | Unie 


ON CHARACTERISTICS 


DC Current Gain hee 20 
“(ig =4.0 Ade, Vcg = 5.0 Vdc) - 


DYNAMIC CHARACTERISTICS 


FUNCTIONAL TESTS (Figure 1) 


Common-Emitter Amplifier Power Gain 

(Voc = 28 Vdc, Poys = 100 W, f = 400 MHz) 

Collector Efficiency % 
(Vcc = 28 Vdc, Pout = 100 W, f = 400 MHz) 

Load Mismatch 

(Vcc = 28 Vdc, Poy, = 100 W, 

f = 400 MHz VSWR = 3:1 all angles) 


L3 
O— —O O O + 28 Vde 
C12 C13 7 
or 
wie L2 c14 
| ~~ EE eu00T nae? ag, (hs Se io 
. ' Z2 RF Output 
ieee nO {= 
put wy, P \ Ny 
C1 c2 |c3 |c4 ch’ |ce //c7 |cs c9 C11 
C1, C2, C7, C9 — 1.0-—20 pF Johanson (JMC 5501) a L1— 0.15 wH Molded Choke with Ferrite Bead 
C3, C4 — 36 pF 100 mil Chip Cap (ATC) <a (Ferroxcube #56-590-65/4B) on Ground End 
C5, C6 — 50 pF 100 mil Chip Cap (ATC) _L2— 4 Turns #18 AWG, 1/4” ID 
C8 — 30 pF 100 mil Chip Cap (ATC) | L3 — Ferroxcube VK200-19/4B | 
C10 — 2-150 pF 100 mil Chip Caps in Parallel (ATC) Z1 — Microstrip Line 2300 mils L X 210 mils W 
Ci1 — 1.0-10 pF Johanson (JMC 5201) Z2 — Microstrip Line 2300 mils LX 280 mils W 
Cle, Cte = 1CQO EF UNEECO Roce hiu Board — Glass Teflon, t = 0.062”, e, = 2.56 


C14 — 0.1 wF Erie Redcap 


MOTOROLA RF. DEVICE DATA 
2-561 


MRF329 


FIGURE 2 — OUTPUT POWER versus 


FIGURE 3 — OUTPUT POWER versus FREQUENCY 
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FIGURE 5 — OUTPUT POWER versus 


SUPPLY VOLTAGE 
(400 MHz) 


FIGURE 4 — OUTPUT POWER versus | 
SUPPLY VOLTAGE 
(225 MHz) 
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FIGURE 6 — POWER GAIN versus FREQUENCY 
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MOTOROLA RF DEVICE DATA 


2562 


MRF329 


FIGURE 7 — SERIES EQUIVALENT iINPUT/ 
. OUTPUT IMPEDANCE 
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operates at a given output power, voltage, and frequency. 


FIGURE 8 — TEST FIXTURE 


MOTOROLA RF DEVICE DATA 
2-563 


MOTOROLA 
=e SEMICONDUCQ. I 


TECHNICAL DATA 
MRF338 


The RF Line ta 
hea 80 W — 400-512 MHz 
~ CONTROLLED “0” 


: | | | BROADBAND RF POWER 
NPN SILICON RF POWER TRANSISTOR © TRANSISTOR 


. designed primarily for wideband large-signal output and driver NPM oe 


amplifier stages in the 400-512 MHz frequency range. 
® Specified 28 Volt, 470 MHz Characteristics — 
Output Power = 80 Watts 
Minimum Gain = 7.3 dB 
Efficiency = 50% (Min) 
@ Built-In Matching Network for Broadband Operation 
@ 100% Tested for Load Mismatch at Ail Phase Angles With | 
30:1 VSWR 


@ Gold Metallization System for High Reliability Aplications 


Q2PL 


MAXIMUM RATINGS 


Collector-Emitter Voltage VCEO | 30 
Collector- Base Voltage VcCBO a 


STYLE 1: 


PIN 1, EMITTER 
Emitter-Base Voltage “eee 2. COLLECTOR 
3. EMITTER 
Collector Current — Continuous . . 4, BASE 


— Peak 


Total Device Dissipation @ ie = 25°C (1) 
Derate above 25°C 


Storage Temperature Range | Tstg. | | Tstg. | -65 to +150 5 es 


THERMAL CHARACTERISTICS 


Symbol 
Thermal Resistance, Junction: to Case (2) ReJc 


(1) This device is designed for RF operation. The total device digsigation rating applies 
only when the device is operated as an RF amplifier. 

(2) Thermal Resistance is determined under specified RF operating conditions by infrared 
measurement techniques. 


1. DIMENSIONING AND TOLERANCING PER ANSI 
Y14.5M, 1982. 
2. CONTROLLING DIMENSION: INCH. 


MILLIMETERS | INCHES | 


man _{ wax | na | MAK 
281 | 2602 | ate | 0986 
ast | oat [ose oan | 
[aes [533 | o.t90 [0210 
| 2a2 | 292 | 0.096 | ots | 


CASE 333-03 


“MOTOROLA RF DEVICE DATA 


2-564 


MRF338 


ELECTRICAL CHARACTERISTICS afl 25°C unless otherwise noted) 


Symbol ee 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(Ic = 80 mAdc, Ip = 0) 


Collector-Emitter Breakdown Voltage 
(Ic = 80 mAdc, Vee = 0) 


Emitter-Base Breakdown Voltage 


(Ig = 8.0 mAdc, Ic = 0) | 


Collector-Base Breakdown Voltage _ 
(Ic = 80 mAdc, IE = 0) © 


Collector Cutoff Current 
(VcB = 30 Vdc, Ig = 0) 


ON CHARACTERISTICS 


V(BR)EBO 
ViBR)CBO | 


DYNAMIC CHARACTERISTICS 


Output Capacitance 
(VcB = 28 Vdc, Ig = 0, f = 1.0 MHz) 


FUNCTIONAL TESTS (Figure 1) 
Common-Emitter Amplifier Power Gain 

(Vcc = 28 Vdc, Poyt = 80 W, f = 470 MHz) 
Collector Efficiency ou 

(Vcc = 28 Vdc, Poyt = 80 W, f = 470 MHz) 
Load Mismatch 

f = 470 MHz, VSWR = 30:1 all angles) 


No Degradation in Output Power 


FIGURE 1 — 470 MHz TEST CIRCUIT 


RF 
Input 


C1, C2, C8, C9 — 0.8-20 pF Johanson (JMC 5501) 
C3, C4, C6, C7 — 25 pF Underwood 100 V 
C5, C10 — 100 pF Underwood 100 V 
C11, C13 — 0.1 uF Erie Redcap 

. C12, C14 — 680 pF Feedthru 
C15 — 1.0 uF Tantalum 
L1— 0.15 wH Molded Choke 
L2 — 5 Turns #20 AWG, 0.185” !D, Close Wound 
L3 — 3 Turns #18 AWG, 0.185” ID, Close Wound 
L4 — 4 Turns #18 AWG, 0.185” ID, Close Wound 


RFC1 — Ferroxcube VK200 19/4B 

Bead — Ferroxcube #56-590-65/3B 

R1, R2— 100 2.0 Watt Carbon 

Z1 — Microstrip Line 0.190” W x 2.5” L 
22 — Microstrip Line 0.190” W x 0.289” L 
Z3 — Microstrip Line 0.190” W x 0.55” L 
24 — Microstrip Line 0.190” W x 0.325” L 
Board — Glass Teflon, e, = 2.56, t = 0.062” 
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MRF338 


FIGURE 3 — OUTPUT POWER versus SUPPLY VOLTAGE 


FIGURE 2 — POWER OUTPUT versus POWER INPUT 
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FIGURE 5 — OUTPUT POWER versus FREQUENCY 


FIGURE 4 — POWER GAIN versus FREQUENCY 
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FIGURE 6 — SERIES EQUIVALENT INPUT/ OUTPUT IMPEDANCE 


aethiee Saeceeiueencnee 
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Vee = 28 V, Pout = 80 W 


) BST RK 
0.91 + j2.61 1.19 + j1.34 al LE Ao i XY 
1.47 + j2.71 1.33 + j0.96 Dy OS LLY 

1.53 + j2.98 1.6 + j0.45 HHH fF PROPOR RLY cS 
1.27 + j3.09 1.7 + 0.25 = Conjugate of the optimum load impedance 

0.86 + j3.01 2.58 - j0.79 2 into which the device output operates at a 


given output power, voltage and frequency. 
XE Nae 


FIGURE 7 — TEST FIXTURE 


MOTOROLA RF DEVICE DATA. 
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MOTOROLA 
= SEMICONDUCTOR ya 


TECHNICAL DATA 
MRF340 


| The RF Line | | 


8W 100-150 MHz 


RF POWER TRANSISTOR 


NPN SILICON RE POWER TRANSISTOR 


. NPN SILICON 
... designed primarily for use in VHF amplifiers with amplitude . 
modulation and other communications equipment operating to . 
150 MHz. 


@ Low Cost Common Emitter TO-220 Package 


@ Specified 27 V, 136 MHz Performance: 
Output Power = 8.0 W 
Power Gain = 13 dB Min 
Efficiency = 50% Min 
e 20:1 VSWR Load Mismatch Capability at Rated Output 
Power and Supply Voltage 


@ Other Devices in the Series: 
MRF342 24W 
MRF344 60W 


_ MAXIMUM RATINGS a 


p Rating =| Sym 
Collector-Emitter Voltage VCEO © 


Collector-Base Voltage VcBO 
Emitter-Base Voltage - VEBO_ ae Vde 


Collector-Current — Continuous — Adc 
Peak a 1.2 
Total Device Dissipation — Tc = 25°C (1) | Ete wees 
Derate above 25°C mw/°c 


STYLE 2: 
PIN 1. BASE 
2. EMITTER 
3, COLLECTOR 
4. EMITTER 


"NOTES: 
_ DIMENSIONING AND TOLERANCING PER ANSI 


THERMAL CHARACTERISTICS 4 _'f Y14.5M, 1982. 


. CONTROLLING DIMENSION: INCH. 
. DIM Z DEFINES A ZONE WHERE ALL BODY AND 
LEAD IRREGULARITIES ARE ALLOWED. 


Thermal Resistance, Junction to Case ' Rec. 


(1) This device is designed for RF operation. The total device dissipation rating applies 
only when the device is operated as an RF amplifier. 


| 15.7 
10.28 | 0. 
482 | 0.160 | 0.190 | 
0.88 | 0.025 | 0,035 | 


3.73 
2.66 


: 


0.022 
0.500 | 0.562 
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CASE 221A-04 
TO-220AB 


“MOTOROLA RF DEVICE DATA 
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MRF340 


ELECTRICAL CHARACTERISTICS ee 25°C unless otherwise noted) 


a oe co 


--OFF CHARACTERISTICS. . . ie 
Collector-Emitter Breakdown Voltage Eo Ae ce ee ale 
(ic =20mAdc,ig=0) | . 
Collector-Emitter Breakdown Voltage aa ; hat ee ee ee eS 
(Ic = 20 mAdc, VpeE = 0) é . . : 
Collector-Base Breakdown Voltage Sits | eel ai as (RAS eld 
(Ig = 20 mAde, Ig = 0) = | 


Emitter-Base Breakdown Voltage ;ameso food Nini Ristt ee ck 
(Ig = 2.0 mAdc, Ic = 0) : : 
Collector Cutoff Current 
(VcE = 27 Vdc, Vege = 0) 
ON CHARACTERISTICS 
DC Current Gain . 
(Ic = 100 mAdc, Vcp = 5.0 Vdc) 
DYNAMIC CHARACTERISTICS | 
Output Capacitance 
(VcBp = 27 Vdc, Ie = O, f=1.0 MHz) 
FUNCTIONAL TESTS 
Common-Emitter Amplifier Power Gain 
(Voc = 13.5 Vde, Pout = 2.0 W, f = 136 MHz) 
Common Emitter Amplifier Power Gain 
(Vec = 27 Vdc, Pout = 8.0 W, f = 136 MHz) 


Collector Efficiency 
(Voc = 27 Vde, Pout = 8.0 W, f = 136 MHz) 


Load Mismatch No Degradation in Power Output 
(Vcc = 27 Vdc, Pout = 8.0 Ww (peak), f = 136 MHz. 
Drive modulated with 1.0 kHz square wave, 50% 
duty cycle. Load VSWR > 20:1, all phase angles) 


FIGURE 1 — 136 MHz TEST CIRCUIT 


L? 
e e s + 
C10 27 Vde 
a], 
= 15 L6 = = = 
L2 cg 
| DUT | RF 
C1 L1 te 
RFE aq a, ts  Qutput 
Input L4 ! 
hb C5 Ic6 C7 
c2 c3 Rig . 
cs 
ii i cae | i | il 

C1 — Arco 404 8~60 pF L1—-3 Turns #18 AWG, 1/8" 1D 

C2, C5 — 40 pF UNELCO L2,L3 — 4 Turns #18 AWG, 1/8” ID 

C3 - 80 pF UNELCO ' L4 — 0.33 WH Molded Choke 

C4, C11 — 0.1 uF Erie Redcap L5 ~ 0.15 «4H Molded Choke with Ferrite Bead 

C6 — 25 pF UNELCO . L6 — 0.47 #H Molded Choke with Ferrite Bead 

C7 — 5.0 pF UNELCO L7 — VK-200-19/4B8 


C8 — Arco 403 3~35 pF 
C9 — 510 pF Dipped Mica 
C10 — 680 pF Feedthru | 


R1— 1002, 17.0Watt | 
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MRF340 


27 Volts - 


ECEEINNGLL 
ENN 
Base e 
SoSeeR\\Gn 


RESR Sea EN 
vee eeeee 

ees ee ele 
Coot 


8.0 W 


e optimum load 


ee TP 


SUPPLY VOLTAGE (VOLTS) 


Circuit Tuned for Poyt = 8.0 Watts at Voc 
Pi,, INPUT POWER (mW) 


Voc=27V_ Pout 
voltage, and frequency. 


Conjugate of t 
*. impedance into which the device 


'.- operates at a given output power, 


Vcc 


0 90 11 13.15 17 19 21 23 25 27 


*ZOL 


FIGURE 5 — OUTPUT POWER versus INPUT POWER 


0.7 


FIGURE 3 — OUTPUT POWER versus SUPPLY VOLTAGE 
(f = 136 MHz) 
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FIGURE 6 — SERIES EQUIVALENT INPUT/OUTPUT IMPEDANCES 
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FIGURE 2 — POWER GAIN versus FREQUENCY . 
- FIGURE 4 — OUTPUT POWER versus INPUT POWER 
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MRF340 


: FIGURE 7—136MHz TEST AMPLIFIER 
| _ FIGURE 8 — PRINTED CIRCUIT BOARD LAYOUT — 136 MHz TEST CIRCUIT 


VHF UNIVERSAL CIRCUIT 


~ NOTE: The Printed Circuit Board shown is 75% of the original. 


es _. MOTOROLA RF DEVICE DATA 
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MOTOROLA 
aa SEMICONDUCTOR SS | 
TECHNICAL DATA | 


24W 100-150 MHz 


RF POWER TRANSISTOR 


NPN enon RF POWER TRANSISTOR | 


NPN SILICON 


_designad ‘eurnanily for | use in VHF anfiplifiars with seiitade 
ouulation and other communications equipment. reno to 
150 MHz, 


@ Low Cost Common Emitter TO-220 Package 


@ Specified 27 V, 136 MHz Performance: 
Output Power = 24W 
Power Gain =.11 dB Min 
Efficiency = 50% Min | 
@ 20:1 VSWR Load Mismatch Capability at Rated - 
Output Power and Supply Voltage. | 


@ Other Devices in the Series: 
MRF340 8.0W 
MRF344 60W 


MAXIMUM RATINGS | 


Collector-Emitter Voitage ae tae P| 


Collector-Base Voltage 


Emitter-Base Voitage | 


PIN 1. BASE 
2, EMITTER 
- 3, COLLECTOR 
1. DIMENSIONING AND TOLERANCING PER ANS! 4, EMITTER . 
Y14.5M, 1982, 
' 2. CONTROLLING DIMENSION: INCH. 
|. 3.-DIM Z DEFINES A ZONE WHERE ALL BODY AND 
Sy ao Tar o oe : LEAD IRREGULARITIES ARE ALLOWED. 
THERMAL CHARACTERISTICS = Steed ic He eh oon eT 


Characteristic © . a | Ss ; TA | 1448-1. 15.75 |-0.570 | 0.620 | 
; T9668 | 1028 | 0.380 | 0.405 | 


Thermal Resistance, Junction to.Case — 


Collector-Current — Continuous — 
. Peak 


Total Device Dissipation — Tc = 25°C (1) 
Derate above 25°C. 


Storage Temperature Range 


1. These devices are designed. for RF operation. The total device dissipation rating applies an 
only when the devices are e operated as ag pipers: : 1 


CASE 221A-04 
TO-220AB 


MOTOROLA. RF DEVICE DATA 
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MRF342 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) | 


“OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(I¢ = 20 mAdc, IB= 0) - 
Collector-Emitter Breakdown Voltage 
(I¢ = 20 mAdc, VgE=0) 
- Collector-Base Breakdown Voltage 


(I¢ = 20 mAdc, Ig = 0) 


Collector Cutoff Current . . ICES 
(VcE = 27 Vdc, Vee = 0) 
ONCHARACTERISTICS —_- | | ; 
DC Current Gain . 
(Ic = 1.0 Adc, VcgE = 5.0 Vdc) 
DYNAMIC CHARACTERISTICS 
Output Capacitance. 
(Vcp = 27 Vdc, Ig = 0, f = 1.0 MHz) 
FUNCTIONAL TESTS 
Common-Emitter Amplifier Power Gain 
{Vcc = 13.5 Vdc, Pout = 6.0 W, f = 136 MHz) 
Common-Emitter Amplifier Power Gain 
(Vcc = 27 Vdc, Pout = 24 W, f = 136 MHz) 


Load Mismatch No Degradation in Power: Output 
(Voc = 27 Vdc, Pout = 24 W (peak), f = 136 MHz 
Drive modulated with 1.0 kHz square wave, 
50% duty cycle. Load VSWR > 20:1, all phase angles) - 


e J . + 
L7 
27 Vde 
C7 L6 < cs wa . 
L4 , 
ia = DUT > = a = 
¢ RE 
RF Ag os L3 Output 
Input § L1 \ Ne ce 
oI C2 R2 cs 
= =. cat ; = a aw 
R3 
| 
I a 
C1 — Arco 404 | > L1,L2 —3 Turns #18 AWG, 1/8” ID 
C2 — 25 pF UNELCO L3 — 5 Turns #18 AWG, 1/8 ID 
C3, C7 — 200 pF UNELCO L4, L7 — VK-200-19/4B 
C4 — 40 pF UNELCO | L5 — 0.15 pH Molded Choke 
C5 — Arco 462 L6 — 0.22 wH Molded Choke 
C6 — 510 pF Dipped Mica L8 — 0.47 wH Molded Choke 
C8 — 680 pF Feedthru R1—222,2 Watt 
c9 — 1.0 he 50 V Tahreldin R2— 910 Q, 1 Watt 
C10, C11 — 0.1 uF Erie Redcap 100 V R3 — 122, 1 Watt 


Figure 1. 136 MHz Test Circuit 
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1000 


HETER2GRRE 
WET TTT TTY, 
EVN TTT TTT 


24 Watts at Voc = 27 Volts 
13.5 V) 


27V Pout = 24W 


( Vcc 


impedance into which the device 
Operates at a given output power 


~ voltage, and frequency. 


ZOL 
oo 


(f = 136 MHz) 
Pin, INPUT POWER (mW) 
Conjugate of the optimum load | 


g 
Vcc 


OUTPUT POWER versus INPUT POWER 


Vec, SUPPLY VOLTAGE (VOLTS) 


Circuit Tuned for Pout 
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_ FIGURE 3 — OUTPUT POWER versus SUPPLY VOLTAGE 
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MOTOROLA RF DEVICE DATA 


FIGURE 6 — SERIES EQUIVALENT INPUT/OUTPUT IMPEDANCES 
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FIGURE 2 — POWER GAIN versus FREQUENCY 
f, FREQUENCY (MHz) 
FIGURE 4 — OUTPUT POWER versus INPUT POWER 
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FIGURE 7 — 136 MHz TEST AMPLIFIER 


VHF UNIVERSAL CIRCUIT 


Noite: The Printed Circuit Board shown is 75% of the original. 


MOTOROLA RF DEVICE DATA 
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MOTOROLA 


a SEMICONDUCTOR 
TECHNICAL DATA 


MRF344 


The RF Line 


60W 100-150 MHz 


RF POWER TRANSISTOR 
NPN SILICON RF POWER TRANSISTOR = 


NPN SILICON 
... designed primarily for use in VHF amplifiers with amplitude 
modulation and other communications equipment operating to 
150 MHz. — | 7 : 2 ay a 
@ Low Cost Common Emitter TO-220AB Package. 
@ Specified 27 V, 136 MHz Performance: se 

Output Power = 60 W Sap ¢ . 

Power Gain = 6.0:-dB Min . . 

Efficiency = 50% Min ; | 
@ 20:1 VSWR Load Mismatch Capability at Rated Peak Output 

Power and Supply Voltage 

® Other Devices in the Series: 
MRF340 8W 
MRF342 24W 


MAXIMUM RATINGS 


Collector-Emitter Voltage a. VCEO Bl. «th 8s, ocd 


Emitter-Base Voltage 


Coliector-Current — Continuous 
Peak... 


Total Device Dissipation — Tc = 25°C (1) 


STYLE 2: 


ee PIN 1. BASE 
Derate above 25°C | 2 2. EMITTER 
Storage Temperature Range: 2 . 3. COLLECTOR 
: NOTES: ; 4, EMITTER 
1. DIMENSIONING AND TOLERANCING PER ANSI 


THERMAL CHARACTERISTICS Y14.5M, 1982. 
- - .2. CONTROLLING DIMENSION: INCH. 
3. DIM Z DEFINES A ZONE WHERE ALL BODY AND 


~ LEAD IRREGULARITIES ARE ALLOWED. 
~ [MILLIMETERS 


Thermal Resistance, Junction to Case. Rese 


(1) This device is designed for RF operation. The total device dissipation rating applies a 
only when the device is operated as an RF amplifier. S hee 


10.28 
4.82 | 0.160 
0.88 | 0,025 
3.73 | 0.142 


CASE 221A-04 
TO-220AB 


‘MOTOROLA RF DEVICE DATA 
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MRF344 


ELECTRICAL CHAR DCTERIS UG? (Te = 25°C unless otherwise noted) 


OFF CHARACTERISTICS _. 
Collector-Emitter Breakdown Voltage _ 5a = 
(Ie = 50 mAde, Ip = 0) 
rer hel il A a 
(Ic = 50 mn VBE= 0) 
Se 
(Ic = 50 mAdc, le = 0) 


Emitter-Base Breakdown Voltage ect ket eat ie 
(le =5.0mAdc,1¢ =0) . : . ; 

Collector Cutoff Current | | ICES mAdc 
(VCE = 27 Vde, Vee = 0) ; 


ON CHARACTERISTICS 

DC Current Gain 

(I¢-= 2.0 Ade, Veg = 5.0 Vdc) 
DYNAMIC CHARACTERISTICS 
| Output Capacitance 

(VoR = 27 Vdc, Ip =0,f = 1.0 MHz) 
FUNCTIONAL TESTS 

Common-Emitter Amplifier Power Gain 
(Vcc = 13.5 Vde, Poyt = 15 W, f = 136 MHz) 

Common Emitter Amplifier Power Gain 
(Vcc = 27 Vdc,.Pout = 60 W, f = 136 MHz) 

Collector Efficiency 
(Vcc = 27 Vdc, Poyt = 60 W, f = 136 MHz) 

Load Mismatch No Degradation in Power Output 
(Vcc = 27 Vdc, Pout = 60 W (peak), f = 136 MHz. 
Drive modulated with 1.0 kHz square wave, 50% 
duty cycle. Load VSWR 2 20:1, all phase angles) 


FIGURE 1 — 136 MHz TEST CIRCUIT 


L1 
RF Input 
ot. 
T . i‘ 
C1,C2—10pF UNELCO . L1 — 3/4” of #20 AWG 
C3, C8 — 25 pF UNELCO L2 — 1/2” of #20 AWG 
C4, C5, C7 — 100 pF UNELCO L3 — 2 Turns, 1/8” ID #20 AWG 
C6, C11 — 0.1 uF Erie Redcap L4 — Copper Strap 15 mil Thick 
C9 — 1000 pF UNELCO . 3/16" X 1/2" L 
C10 — 1000 pF UNELCO Feedthru _ L5 —2 Turns #20 AWG 1/4” 1D 
C12 — 1.0 uF 50 V Tantalum L6 — Ferrite Bead on Lead of L7 
C13 — 200 pF UNELCO L.7, L8 — 0.15 wH Molded Choke 


L9 — VK-200-19/4B 


Input/Output Connectors Type N 


MOTOROLA RF DEVICE DATA 
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FIGURE 3 ~ OUTPUT. POWER versus SUPPLY VOLTAGE 


FIGURE 2 — POWER GAIN versus FREQUENCY 
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MRF344 ; 


‘FIGURE 7 — 136 MHz TEST AMPLIFIER _ 


RF Output 


RF input 


FIGURE 8 — PRINTED CIRCUIT BOARD LAYOUT — 136 MHz TEST CIRCUIT 


. Test Circuit MRFE344 


RF Input RF Output 


NOTE: The Printed Circuit Board shown is 75% of the original. 


MOTOROLA RF DEVICE DATA 
2-579 


MOTOROLA 


TECHNICAL DATA i 


The RF Line | | ) | sd MIRF390 

NPN Silicon Push-Pull | | 

RF Power Transistor | 
60 WATTS, 30-500 MHz 


. designed primarily for wideband large- sigial oe and driver afapiiiers stages CONTROLLED “0” 


in 1 the 30-500 MHz frequency range. | ; BROADBAND PUSH-PULL 
@ Specified 28 Volt, 400 MHz Characteristics — Ae RF POWER TRANSISTOR 
Output Power = 60 Watts aa | NPN SILICON 


Typical Gain = 9.5dB ~ 

Efficiency = 55% (Typ) 
@ Built-In Input Impedance Matching Networks for Broadband Operation 
@ Push-Pull Configuration Reduces Even Numbered Harmonics . 
@ Gold Metallization System for High Reliability | 
e 100% Tested for Load Mismatch 


CASE 744-02 


The MRF390 is two transistors in a single package with separate base and collector leads and emitters 
common. This arrangement previore the ca eis with a space saving device Capo of operation in a 
push-pull configuration. - 


= -_PUSH- PULL TRANSISTORS 


MAXIMUM RATINGS 


oro 
Collector-Emitter Voltage _YCEO 


Collector-Base Voltage 


Emitter-Base Voltage 


Collector Current — Continuous 


Total Device Dissipation @ Tc = 25°C Le 
Derate above 25°C 


140 Watts 
0.80 W/°C 


Storage Temperature Range 


Junction Temperature 


THERMAL CHARACTERISTICS 


Characteristic ——e 
Thermal Resistance, Junction to Case Rec | 1.28 


(1) This device is designed for RF operation. The total dissipation rating applies only when the device is operated as an RF push-pull amplifier. 


MOTOROLA RF DEVICE DATA 
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MRF390 


_ ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 


OFF CHARACTERISTICS (NOTE 1) 


Collector-Emitter Breakdown Voltage 
(I¢ = 30 mAdc, Ip = 0) 


Collector-Emitter Breakdown Voltage 
(I¢ = 30 mAdc, VpE = 0) 


Emitter-Base Breakdown Voltage 


eo Characteristic | 


Venceo 30 Vdc - 


V(BR)EBO 


(IE = 3 mAdc, Ic = 0) Pern 


Collector Cutoff Current 
(VcB = 30 Vdc, IE = 0) 


ON CHARACTERISTICS (NOTE 1) 


DC Current Gain 
(Ic = 1 Ade, Vce = 5 Vdc) 


DYNAMIC CHARACTERISTICS (NOTE 1) 


Output Capacitance 
(VcB = 28 Vdc, Ie = 0, f = 1 MHz) 


FUNCTIONAL TEST (NOTE 2 — See Figure 1) 


Common-Emitter Amplifier Power Gain 
(Vcc = 28 Vdc, Pout = 60 W, f = 400 MHz) 


Collector Efficiency . 
(Vcc = 28 Vdc, Pout = 60 W, f = 400 MHz) 


Load Mismatch 
(Vcc = 28 Vdc, Poyt = 60 W, f = 400 MHz - 


VSWR = 30:1, all phase angles) 
NOTES: | 
1. Each transistor chip measured separately. 
2. Both transistor chips operating in push-pull amplifier. L5 
O+28V - 
= FERRITE a 
3"L BALUN | bed Bean L 
COAXIAL CABLE, 90 MIL OD . 50 © SEMLRIGID 
u “DT: COAXIAL CABLE, 
C1 ae 90 MIL OD 
I. RF 
RF C3 C4 : ‘OUTPUT 
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Figure 1. 400 MHz Test Circuit 


L1, L2 —- 10 wH RF Choke With Ferrite Bead 

L3, L4 — 5 Turns #20 AWG, 1/4" ID 

L5, L6 — 15 Turns #18 AWG Enameled, 0.35” ID Closewound Around 
R1, R2 Respectively 

— Microstrip Line 850 Mils L x 130 Mils W 

22, 23 — Microstrip Line 250 Mils L x 130 Mils W . 

Z4 — Microstrip Line 830 Mils L x 130 Mils W 


Board Material — 0.0625” Teflon Fiberglass e, = 2.5 + 0.05, 
1 oz. cu. clad, Double Sided 


i 


C1, C2 — 240 pF, 100 Mil Chip 
C3 — 12 pF, 100 Mil Chip 

C5 — 20 pF, 100 Mil Chip 

C4, C6 — 18 pF; 100 Mil Chip 
C7, C8 —.270 pF, 100 Mil Chip 21 
C9, C10, C11, C12 — 470 pF, 100 Mil Chip 
C13, C14 — 680 pF Feedthru Capacitor 
C15, C16, C19 — 0.1 wF Disc Ceramic 

C17, C18 — 1 uF, 50 V Tantalum Capacitor. 
Ri, R2 — 910 kQ, 2 W Carbon Res. 


MOTOROLA RF DEVICE DATA 


2-581 


MRF390 


Pout OUTPUT POWER (WATTS) _ 


eee ee ge 
~ Pin, INPUT POWER (WATTS) 


Figure 2. Output Power versus Input Power/Frequency 


Pout) OUTPUT POWER (WATTS) 


Vcc, SUPPLY VOLTAGE (VOLTS) — 


Figure 4. Output Power versus Suppiy 
Voltage — 225 MHz 


/\100 Mite 225 MHz |_ 200 MHz 
35 tr 
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a- 15 
me 
: Zee 
= 10 
ae Vec = 13.5 V = 
9 " 
= 
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Pin, INPUT POWER (WATTS) 


Figure 3. Output Power versus Input Power/Frequency 
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Vcc, SUPPLY VOLTAGE (VOLTS) 


Figure 5. Output Power versus Supply 
Voltage — 400 MHz 
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*Zo, = CONJUGATE OF THE OPTIMUM LOAD IMPEDANCE - : 
Syc< INTO WHICH THE DEVICE OUTPUT OPERATES AT A 
> GIVEN OUTPUT POWER, VOLTAGE AND FREQUENCY. 
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Figure 6. Series Equivalent Input/Output Impedances 


_ MOTOROLA RF DEVICE DATA 


2-582 


MRF390 


MRF390 60 
30-500 MHz_ 


Figure 7. 400 MHz Test Circuit and Photomaster 


MOTOROLA RF DEVICE DATA 


2-583 


MOTOROLA : 
a SEMICONDUCTOR xox 
TECHNICAL DATA 


The RF Line . 
NPN Silicon Push-Pull 
RF Power Transistor 

| | 125 WATTS, 30-500 MHz 


... designed primarily for wideband large-signal output and driver amplifier stages CONTROLLED ’Q” 
in the 30-500 MHz frequency range. . : ; ‘| BROADBAND PUSH-PULL 


@ Specified 28 Volt, 400 MHz Characteristics — : _| RF POWER TRANSISTOR 
Output Power = 125 W | | NPN SILICON 
Typical Gain = 10 dB. 

Efficiency = 55% (Typ) | a Sx 3; 

@® Built-In Input Impedance Matching Networks for Broadband Operation 

@ Push-Pull Configuration Reduces Even Numbered Harmonics 

®@ Gold Metallization System for High Reliability 

@ 100% Tested for Load Mismatch. . 


CASE 744A-01 


The MRF392 is two transistors in a single package with separate base and collector leads and emitters 
common. This arrangement provides the designer with a space saving device capable of operation in a 
push-pull configuration. 


PUSH-PULL TRANSISTORS 


MAXIMUM RATINGS 


Collector Current — Continuous 


Total Device Dissipation @ Tc = 25°C (1) 
Derate above 25°C 


Junction Temperature 


THERMAL CHARACTERISTICS 


Thermal Resistance, Junction to Case | Rac | °C/W 


(1) This device is designed for RF operation. The total device dissipation rating applies only when the device is operated as an RF push-pull amplifier. 


- MOTOROLA RF DEVICE DATA 
2-584 


MRF392 


ELECTRICAL CHARACTERISTICS (Te = = 25°C unless otherwise noted.) 


Characteristic . 
OFF CHARACTERISTICS (NOTE 1) 


Collector-Emitter Breakdown Voltage | Wianece 30 Vdc 
(Ic = 50 mAdc, Ip = 0) a ee, 2 . a 
| Collector-Emitter Breakdown Voltage _ ae V(BR)CES ue , 
| (l¢ = 50 mAdc, Veg = 0) : . 
Emitter-Base Breakdown Voltage. . ViBrIEBO 
(lg = 5 mAdc, Ic = 0) | 


Collector Cutoff Current 
(Vcp = 30 Vdc, Ip = 0) 


ON CHARACTERISTICS (NOTE 1) 


DC Current Gain 
(I¢ = 1 Adc, Vcg = 5 Vde) | 


DYNAMIC CHARACTERISTICS (NOTE 1) 


Output Capacitance 
(VcB = 28 Vdc, Ie = 0, f = 1 MHz) 


FUNCTIONAL TEST (NOTE 2 — See Figure 1) 


Common-Emitter Amplifier Power Gain 
(Vcc = 28 Vdc, Pout = 125 W, f = 400 MHz) 


Collector Efficiency 
(Vcc = 28 Vde, Pout = 125 W, f = 400 MHz) 


Load Mismatch . 
_ (Vcc = 28 Vde, Poyt = 125 W, f = 400 MHz © No Degradation in Output Power 
VSWR = 30:1, all phase angles) . 


NOTES: 
1. Each transistor chip measured separately. 
2. Both transistor chips operating in push-pull amplifier. 


B1 
TieTen love [es 
C1, C2 — 240 pF, 100 Mil Chip Cap (ATC) or Equivalent , B1 — Balun, 50 2 Semi-Rigid Coaxial Cable 86 Mil OD, 2” L 
C3 — 3.6 pF, 100 Mil Chip Cap (ATC) or Equivalent. B2 — Balun, 50 0 Semi-Rigid Coaxial Cable 86 Mil OD, 2” L 
C4, C8 — 8.2 pF, 100 Mil Chip Cap (ATC) or Equivalent Seed 
C5, C6 — 20 pF, 100 Mil Chip Cap (ATC) or Equivalent _ 2Z1— Microstrip Line 270 Mil L x 125 Mil W~ 
C7 — 18 pF, 100 Mil Chip Cap (ATC) or Equivalent Z2 — Microstrip Line 375 Mil L x 125 Mil W 
C9, C10 — 270 pF, 100 Mil Chip Cap (ATC) or Equivalent _  2Z3— Microstrip Line 280 Mil L x 125 Mil W 
C11, C12, C16, C17 — 470 pF 100 Mil Chip Cap (ATC) or Equivalent 24 — Microstrip Line 300 Mil L x 125 Mil W 
C13, C18 — 680 pF Feedthru ‘25 — Microstrip Line 350 Mil L x 125 Mil W 
C14, C19 — 0.1 «wF Erie Redcap or Equivalent 26 — Microstrip Line 365 Mil L x 125 Mil W 
C15 — 20 pF, 50 V , 
Board Material — 0.0625” Teflon Fiberglass «, = 2.6 + 0.05 1 oz. Cu. 
Li, L2 — 0.15 wH Molded Choke With Ferrite Bead CLAD, Double Sided 
L3, L4 — 2-1/2 Turns #20 AWG, 0.200 ID 
L5, L6 — 3-1/2 Turns #18 AWG, 0.200 ID Figure 1. 400 MHz Test Fixture | 


MOTOROLA RF DEVICE DATA 


2-585 


MRF392 


Pout OUTPUT POWER (WATTS| 
Pout, OUTPUT POWER (WATTS) 


10 i 5 0 2 4 6 8: 10 12 14 16 18 ° 20 
Pin, INPUTPOWER (WATTS) is: i | Pin, INPUT POWER (WATTS) 


Figure 2. Output Power versus Input Power — .. . Figure 3. Output Power versus Input Power 


Pout, OUTPUT POWER (WATTS) 
Pout, OUTPUT POWER (WATTS) 


10 12 14 16 18 820 22. 24 26 «628 ~—O30 10 12 14 16 18 20 22 24 26 28 30 
Vcc, SUPPLY VOLTAGE (VOLTS) Vcc, SUPPLY VOLTAGE (VOLTS) 
Figure 4. Output Power versus Supply Figure 5. Output Power versus Supply 
Voltage — 225 MHz | Voltage — 400 MHz 
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ote "Zou = CONJUGATE OF THE OPTIMUM LOAD IMPEDANCE 
eS 2 INTO WHICH THE DEVICE OUTPUT OPERATES ATA — 20 
Pak yl [KP . se] ~ , GIVEN OUTPUT POWER, VOLTAGE AND FREQUENCY. = | 
a a es a . mae why AF = si Ad Oe So ‘ ae Aan ; tee 


Figure 6. Series Equivalent input/Output Impedance 


MOTOROLA RF DEVICE DATA 
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MRF392 


MJB 
~_MRF392_ 


400MHZ ‘21S85 Ad 


NOTE: The Printed Circuit Board shown is 75% of the original. 
Figure 7. Test Circuit Photomaster 


Figure 8. 400 MHz Test Circuit 


MOTOROLA RF DEVICE DATA | 


2-587 


MOTOROLA ye 
wx SEMICONDUCTOR mum 
TECHNICAL DATA 


MRFS9S 


The RF Line we oe. 8 
NPN Silicon Push-Pull 
RF Power Transistor | 


ae a a 100 WATTS, 30-500 MHz 

... designed primarily for wideband large-signal output and driver amplifier stages CONTROLLED “‘Q” 

in the 30-500 MHz frequency range. | o BROADBAND PUSH-PULL 

® Specified 28 Volt, 500 MHz Characteristics — | | | RF POWER TRANSISTOR 
Output Power = 100 W ee = . NPN SILICON 
Typical Gain = 9.5 dB (Class AB); 8.5 dB (Class C) — 
Efficiency = 55% (Typ) ae | 

@ Built-In Input Impedance Matching Networks for Broadband Operation 

® Push-Pull Configuration Reduces Even Numbered Harmonics _ 

© Gold Metallization System for High Reliabilit 

@ 100% Tested for Load Mismatch 


CASE 744A-01 


The MRF393 is two transistors in a single package with separate base and collector leads and emitters 
common. This arrangement provides the designer with a space saving device capable of operation ina 
push-pull configuration. 


PUSH-PULL TRANSISTORS 


MAXIMUM RATINGS 


Emitter-Base Voltage | | | 
E 
°C 
a © 


Collector Current —. Continuous | 
Total Device Dissipation @ Tc = 25°C (1) : Po © 270. Watts 
Derate above 25°C 1.54 W/°C 


THERMAL CHARACTERISTICS 


Thermal Resistance, Junction to Case : 


(1) This device is designed for RF operation. The total device dissipation rating applies only when the device is operated as an RF push-pull amplifier. 


[we ft 


MOTOROLA RF DEVICE DATA 
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MRF393 


ELECTRICAL CHARACTERISTICS (Te = 25°C unless sihewwise noted.) 


| es 


OFF CHARACTERISTICS (NOTE 1). 


Collector-Emitter Breakdown Voltage 
(Ic = 50 mAdc, Ip = 0) 


Collector-Emitter Breakdown Voltage 
(ic = 50 mAdc, Vee = 0) 


Emitter-Base Breakdown Voltage 
(I—E = 5 mAdec, Ic = 0) 


Collector Cutoff Current 
(VcB = 30 Vdc, l- = 0) 


ON CHARACTERISTICS (NOTE 1) 


DC Current Gain | 
(I¢ = 1 Ade, Veg = 5 Vdc) 


DYNAMIC CHARACTERISTICS (NOTE 1) 


Output Capacitance © 
(VcB = 28 Vdc, le = 0, f = 1 MHz) 


FUNCTIONAL TEST (NOTE 2 — See Figure 1) 


Common-Emitter Amplifier Power Gain — 
(Vcc = 28 Vdc, Poyt = 100 W, f = 500 MHz) 


Collector Efficiency 
(Vcc = 28 Vdc, Pout = 100 W, f = 500 MHz) 


Load Mismatch | or | | | 
(Vcc = 28 Vdc, Pout = 100 W, f = 500 mee No Degradation in Output Power 
VSWR = 30:1, all phase angles) . 


NOTES: 
1. Each transistor chip measured separately. 
2. Both transistor chips operating in push-pull amplifier. 


V(BRICES 


C9 C10 «(C11 


Bl 
Ci 
C3 
= C2 
Ci3 C14.—«C15 
C1, C2, C7, C8 — 240 pF 100 mil Chip Cap L1i-L2 — 0.15 #H Molded Choke with Ferrite Bead 
C3 — 15 pF 100 mil Chip Cap L3-L4 — 2-1/2 Turns #20 AWG 0.200” ID 
C4 — 24 pF 100 mil Chip Cap 78 L5-L.6 — 3-1/2 Turns #18 AWG 0.200" JD - 
- C5 — 33 pF 100 mil Chip Cap . 
C6 — 12 pF 100 mil Chip Cap Bi, B2 — Balun 50 1 Semi Rigid Coax, 86 mil OD, 2” Long 
C9, Ci3 — 1000 pF 100 mil Chip Cap Sa 
- C10, C14 — 680 pF Feedthru Cap Z1, Z2 — 850 mil Long x 125 mil W. Microstrip 
C11, C15 — 0.1 «wF Ceramic Disc Cap Z3, Z4 — 200 mil Long x 125 mil W. Microstrip 
C12, C16 — 50 pF 50 V 25, Z6 — 800 mil Long x 125 mil W. Microstrip 


Board Material — 0.0325” Teflon-Fiberglass, e, = 2.56, | 
1 oz. Copper Clad both sides. 


Figure 1. 500 MHz Test Fixture 


‘MOTOROLA RF DEVICE DATA 
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MRF393 


OUTPUT POWER versus INPUT POWER 
CLASS C | 
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Figure 2. Vcc = 28 V 
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Figure 3. Vcc 


OUTPUT POWER versus SUPPLY VOLTAGE 
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Figure 6. Series Equivalent Input/Output Impedance 


Figure 7. Class AB Output Power versus Input Power 


MOTOROLA RF DEVICE DATA 


2-590 


MRF393 | oo 


MRF393 
“CRR 


NOTE: The Printed Circuit Board shown is 75% of the original. - & a a 


Figure 8. Test Circuit Photomaster 


Figure 9. 500 MHz Test Circuit 


MOTOROLA RF DEVICE DATA 


2-591 


MOTOROLA 


m= SEMICONDUCTOR & 


TECHNICAL DATA 
_MRF401 


The RF Line aa 
_— - 25 W PEP — 30 MHz 
RF POWER 


- TRANSISTOR 
NPN SILICON 


NPN SILICON RF POWER TRANSISTORS 


... designed primarily for applications as a high-power | linear 
amplifier from 2.0 to 75 MHz. ~ . 


@ Specified 28 Voit, 30 MHz Characteristics — 
Output Power = 25 W (PEP) 
Minimum Gain = 13 dB 
Efficiency = 40% 

@ intermodulation Distortion at 25 W (PEP) 
IMD = -32 dB (Max) 


@ jisothermal-Resistor Design Results in Rugged Device 


8-32UNC-2A 
WRENCH FLAT 


MAXIMUM RATINGS 


PIN 1. EMITTER 
2. BASE 
3, EMITTER 
4. COLLECTOR 


Collector Current — Continuous Adc 


Total Device Dissipation @ Tc = 25°C(1) 50 Watts 
Derate above 25°C 0.286 w/c 
Storage Temperature Range —65 to +150 


NOTES: 
1. DIMENSIONING AND TOLERANCING PER ANSI 
Y14.5M, 1982. 
2. CONTROLLING DIMENSION: INCH, 


MILLIMETERS | INCHES | 
| MIN | MAX | 


[ MIN, [| MAX | 

[A | 940 | 9.78 | 0.370 | 0.385 | 
| 813 | 8.38 | 0.320 | 0.330_| 

rc { 17.02 | 20.07 | 0.670 | 0.790 | 
5.97. | 0.215 


(1) These devices are designed for RF operation. The total device dissipation rating 
applies only when the devices are operated as Class 8 or C RF amplifiers. 
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CASE 145A-09 


MOTOROLA RF DEVICE DATA 


2-592 


MRF401 


ELECTRICAL CHARACTERISTICS (T¢ = 25°C unless otherwise noted.) _ | shea sg 
ee ee ee ee 
OFF CHARACTERISTICS . 


Collector-Emitter Breakdown Voltage V(BR)CEO 30 Vdc 
(I¢ = 50 mAdc, Ig = 0) 


Collector-Emitter Breakdown Voltage V(BR)CES 
_ (le = 10 mAdc, Vee = 0) 


Emitter-Base Breakdown Voltage V(BR)EBO 


(le = 10 mAdc, Ic =. 0) 


ON CHARACTERISTICS 


DC Current Gain oo | 2 
(Ic = 1.0 Adc, Vcg = 5.0 Vdc) 


DYNAMIC CHARACTERISTICS 


Output Capacitance 
(Vcp = 30 Vdc, tg = 0, f = 1.0 MHz) 


FUNCTIONAL TEST (Figure 1) 


Common-E mitter Amplifier Power Gain 
(Pout = 25 Watts PEP, Ic (max) = 1.12 Adc, Vcc = 28 Vde, 
f = 30 MHz) 


Collector Efficienty 
(Pout = 25 Watts PEP, Ic (max) = 1.12 Adc, Vcc = 28 Vde, 
f = 30 MHz) 


intermodulation Distortion 
(Pout = 25 Watts PEP, Ic = 1.12 Adc, Vcc = 28 Vdc, 
f4 = 30 MHz, fz = 30.001 MHz) 


FIGURE 1 ~- 30 MHz LINEAR TEST CIRCUIT 


— RF Output 
es . 


co = 


ARCO 469 190-780 pF 3 Turns #16 0.25" iD 
# ARCO 464 25-280 pF 6 Turns #16 0.5" ID 
cs 120 pF Dipped Mica 7 Turns #20 0.38" 1D 
100 wF 15 Vde : 10 wH Molded Choke Delevan | 
cs 680 pF F.T. Allen Bradley 


ca 1.0 uF 35 V Tantalum Ferroxcube V K200/20-4B 


3-Ferroxcube 5653065-3B 
Input/Output Connectors UG53 A/yp 


SES” <> SuNAOR 10 2 1/2 Watt 10% 


Adjust Bias (Base) for Icq = 20 MA with No RF Applied 


MOTOROLA RF DEVICE DATA 
2-593 


MRF401 


FIGURE 2 — PARALLEL EQUIVALENT INPUT RESISTANC FIGURE 3 — PARALLEL EQUIVALENT INPUT 
versus FREQUENCY CAPACITANCE versus FREQUENCY 
2500 
Voc.= 28 Vde 
5 Ica =20mA 
aa) 
S =a 2000 Pout = 25 W (PEP) 
— Vee = 28 Vde 2 S 
We ica =20mA Sw 
a We 
38 au 
we es < 
| - 
WD < § 1000 
1A x = 
ce a. 
t = 
oe "500 
= 
0 
10 20 30 40 50 70 100 10 20 30 40 50 70 100 
f, FREQUENCY (MHz) f, FREQUENCY (MHz) 


‘FIGURE 4 — PARALLEL EQUIVALENT OUTPUT 
CAPACITANCE versus FREQUENCY 
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FIGURE 5 — POWER GAIN versus FREQUENCY FIGURE 6 — IMD versus POWER OUTPUT 
30 - ++ a aa = cael fa) ie _ 
Two Tone Test 
Pout = 25 W (PEP) 
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MOTOROLA RF DEVICE DATA 
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MOTOROLA 
= SEMICONDUCTOR yyy | * 
TECHNICAL DATA | _—- MRF406. 


The RF Line 


20 W(PEP) — 30 MHz 


RF POWER 
TRANSISTOR 


NPN SILICON 


NPN SILICON RF POWER TRANSISTOR 


... designed primarily for application as a power linear amplifier 
from 2.0 to 30 MHz. 


@ Specified 12:5 Volt, 30 MHz Characteristics — 
Output Power = 20 W(PEP) 
Minimum Gain = 12 dB 
Efficiency = 45% ; 
@ Intermodulation Distortion @ 20 W(PEP) — 
IMD = -30 dB (Min) 
@ 100% Tested for Load Mismatch at all Phase Angles with 
30:1 VSWR 


MAXIMUM RATINGS 


Collector-Emitter Voltage 


STYLE 1: 


p PIN 1, EMITTER 
Withstand Current 2. BASE 
(t = 5.0 s) 3. EMITTER 


4. COLLECTOR 


NOTES: 
1, DIMENSIONING AND TOLERANCING PER 
ANSI Y14.5M, 1982. 
2. CONTROLLING DIMENSION: INCH. 


[MILLIMETERS INCHES 


Total Device Dissipation @ Tc = 25°C 80 Watts 
Derate above 25°C 0.46 WiC 


10.28 | 0.395 
40° | 50° | 40° |. 50° 
298 | 3.30 | 0.113 | 0.130 
6.47 | 0.245 


| Thermal Resistance, Junction to Case eee pore eee | 


CASE 211-07 


‘MOTOROLA RF DEVICE DATA 


2-595 


MRF406 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 2 


OFF CHARACTERISTICS 
Collector-Emitter Breakdown Voltage . V(BR)CEO 20 | 
(I¢ = 50 mAdc, Ip = 0) 
Collector-Emitter Breakdown Voltage V(BR)CES 
(Ic = 50 mAdc, Veg = 0) 
- Collector-Base Breakdown Voltage V(BR)CBO 
. (I¢ = 50 mAdc, Ig = 0) | 


Emitter-Base Breakdown Voltage | V(BR)EBO 
(fe = 1.0 mAdc, !¢ = 0) 

Collector Cutoff Current IcES 
(VcE = 12.5 Vdc, Veg = 0) 


ON CHARACTERISTICS 
DC Current Gain 


| (Ig = 1.0 Adc, Voge = 5.0 Vdc) 
DYNAMIC CHARACTERISTICS 


Output Capacitance 


(Vog = 12.5 Vde, Ie = 0, f = 1.0 MHz) 
FUNCTIONAL TESTS (Figure 1) 


Common-Emitter Amplifier Power Gain | GpE 12 
(Vcc = 12.5 Vdc, Pout = 20 W(PEP), IG (max) = 1.75 Adc, 
Ico = 25 mAdc, f = 30, 30.001 MHz) | 
Power Output Pout 20 Watts (PEP 
(VcE = 12.5 Vdc, f = 30 MHz) 
Collector Efficiency | nN % 
(Voc = 12.5 Vde, Pout = 20 W(PEP), IC(max) = 1.75 Adc, 
IcQ = 25 mAdc, f = 30, 30.001 MHz) 


Intermodulation Distortion 
(VcE = 12.5 Vdc, Pout = 20 W(PEP), 'C(max) = 1.75 Adc, 
IcQ = 25 Adc, f = 30, 30.001 MHz) 


Load Mismatch 
(Voc = 12.5 Vde, Poyt = 20 W(PEP), Ig = 1.75 Adc, > 30:1 All Phase Angles 
IcQ = 25 mAdc, f = 30, 30.001 MHz) 


FIGURE 1 — 30 MHz TEST CIRCUIT SCHEMATIC 


Ri 


1N4997 
as 


C4 = : 
(7 CS RF Output 
RF Input o> ae DUT 
C3 ue 


c1,C2,C4 ARCO 466 


3 4 
Cc ARCO 469 0.15 WH, Molded Choke 


c5,C8,C9 0.1 WF Disc C i oe 
ue isc Ceramic 15 Turns of #20 AWG Enameled Wire, 
C6 1000 HF ,3 V Electrolytic 1/4” 1.D., Close Wound 


C7 , 1000 pF, UNELCO 4 Turns of #18 AWG Wire, 5/16” |.D., 

C10 100 wF,15 V Electrolytic , 3/8" Long. 

R1 100 Ohm, 25 W, Wire Wound 10H, Molded Choke 

R2 10 Ohm,% W, Carbon 5 Ferrite Beads, FERROXCUBE #56-590-65/3B 
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MRF406 


OUTPUT POWER versus SUPPLY VOLTAGE 


FIGURE 3 


FIGURE 2 


30 dB 
25 mA 


IMD 
lca 


OUTPUT POWER versus, INPUT POWER 


12.5 V 
25 mA 
_ TWO TONE TEST: 


Vcc 
ica 


30, 30.001 MHz 


f 


30, 30.001 MHz 


f 


(d3d SLLVM) H3MOd LNdL NO 8% 


Vcc, SUPPLY VOLTAGE (VOLTS) 


Pin, INPUT POWER (WATTS PEP) 


OUTPUT POWER 


FIGURE 5 — INTERMODULATION DISTORTION versus 


FIGURE 4 — POWER GAIN versus FREQUENCY 
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MRF406 


SERIES EQUIVALENT IMPEDANCE 
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FIGURE 9 — PARALLEL EQUIVALENT OUTPUT 
RESISTANCE versus FREQUENCY 


FIGURE 8 —PARALLEL EQUIVALENT OUTPUT 


CAPACITANCE versus FREQUENCY 
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MOTOROLA a 
= SEMICONDUCTOR mam 
TECHNICAL DATA 


| oo... : : | — NMIRF410 
The RF Line 7 MRF410A 
NPN Silicon a a es eo 
RF Power Transistors 

10 W-30 MHz 


. designed for high gain driver and output linear amplifier stages in 1.5 to 30 MHz RF POWER 
HF/SSB equipment. ~ TRANSISTORS 
@ Specified 28 Volt, 30 MHz Chiardenariwiés — ~~ = Oe | NPN SILICON 

Output Power = 10 W , 7 
Minimum Gain = 13 dB 
Efficiency = 40% 
@ intermodulation Distortion @ 10 W (PEP) — 
IMD = —30 dB (Max) 
® 100% Tested for Load Mismatch at All Phase Angles With 30: 1 VSWR | 
@ Direct Replacement for 2N6370 


MRF410 
CASE 211-07 


MAXIMUM RATINGS 


MRF410A 
Total Device Dissipation @ TC = ene (1) CASE 145A-09 


Derate above 25°C 


THERMAL CHARACTERISTICS 


Characteristic 


Thema RecigeanGe: Junction to Case 
ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 


ce Characteristic | ee ee 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage (Ic = 20 mAdc, Ip = 0) Meco =. = i = ed 
Collector-Base Breakdown Voltage (Ic = 50 mAdc, Ig = 0) | Verices | 65 | C—O] ee 
FEmiterSese Breakdown Voltage le = 10 mAdcic= 0 | Waneso | «| — | — | 
[Coletor Guo Curent Vor = 26VeeVer=0 -|_ites “| — | 


ICES 
ON CHARACTERISTICS 


DC Current Gain (I¢ = 1 Ade, Voe = 5 Vde) [te [to Tas Tt 


DYNAMIC CHARACTERISTICS 


| Output Capacitance (Vee = 28 Vdele=Of=1MH | cop | = [8] 00] 


(1) These devices are designed for RF operation. The total device dissipation rating applies only when (continued) 
the devices are operated as RF amplifiers. 
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ELECTRICAL CHARACTERISTICS _ continued (Te = = ae dinless otherwise noted) 
. Characteristic 
FUNCTIONAL TESTS (SSB) 


Common-Emitter Amplifier Gain 
(Vcc = 28 Vde, Pout = 10 W (PEP), f1 = 30 MHz, 
— £2 = 30.001 MHz, Icq = 25 mA) 


Collector Efficiency 
(Vcc = 28 Vde, Pout = 10 W (PEP), f1 = 30 MHz, 


f2 = 30.001 MHz, Icg = 25 mA) 


intermodulation Distortion (1) 
(Vcc = 28 Vdc, Poyt = 10 W (PEP), f1 
f2 = 30.001 MHz, icq = 25 mA) 


Load Mismatch 
(Vcc = 28 Vdc, Poyt = 10 W (PEP), f1 = 30 MHz, 
f2 = 30.001 MHz, Icq = 25 mA, VSWR 30:1 at All Phase Angles) 


CLASS A PERFORMANCE 


Power Gain and Intermodulation Distortion (1) 
(Vcc = 28 Vdc, Pout = 4 W (PEP), Icq = 500 mA, 
f1 = 30 MHz, f2 = 30.001 MHz) 


(1) To MIL-STD-1311 Version A, Test Method 2204B, Two Tone, Reference each tone. 


Ri L3 


+ 
BIAS Diy C3 C4 Li L2 cé | C7 C8 28 Vde 


= <r OUTPUT = 


T1 (~~ C5 
RF INPUT = , : os) DUT. 
oes C1 
1 

C1 — 1300 pF Dipped Mica ~ L1,L3 — Ferroxcube VK200 10/3B or Fair-Rite Products 
C2,C3,C5,C6 — 0.1 uF Type 1812 Chip or Equivalent | Corporation 2843003102 

C4 — 100 uwF/16 V Electrolytic L2 — 15 Turns #22 AWG Enameled Wire, Close 

C7 — 0.01 uF Type 1812 Chip or Equivalent Wound, %" ID 

C8 — 10 wF/35 V Electrolytic T1 — RF Transformer 9:1 Impedance Ratio. See 

R1 — 5 Ohms/5 W Motorola Application Note AN749, Figure 4 for 
R2 — 10 Ohms/2 W Carbon Details. Ferrite Material: 2 each Fair-Rite 

D1 — MR820-826 or Equivalent . Products Corporation 2643006801 | 


Figure 1. 30 MHz Test Circuit 


Pout OUTPUT POWER (WATTS) 
Pout, OUTPUT POWER (WATTS PEP} 


0 0.2 0.4 0.6 0.8 1 . 
Ping, INPUT POWER (WATTS) Vcc, SUPPLY VOLTAGE (VOLTS) 
Figure 2. Output Power versus Input Power Figure 3. Output Power versus Supply Voltage 
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MRF410, MRF410A 


~ IMD, INTERMODULATION DISTORTION. (dB) 
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Figure 4. Power Gain versus Frequency ay Figure 5. Intermodulation Distortion versus 
: Output Power . 
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Figure 6. D.C. Safe Operating Area Figure 7. Output Capacitance versus Frequency 
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Rout, PARALLEL EQUIVALENT OUTPUT RESISTANCE 


Figure 8. Output Resistance versus Frequency 
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Figure 9. Series Equivalent Input Impedance 


aia hae iced ihe aetna « «<1, 
TECHNICAL DATA —— MRF421 


MRF421MP 


The RF Line © ae 

Lak oa | 100 W(PEP) — 30 MHz 

RF POWER 
TRANSISTORS 


| _ 7 | NPN SILICON 
NPN SILICON RF POWER TRANSISTOR 


. designed primarily for application as a high-power linear ampli- 
fier from 2.0 to 30 MHz. 


@ Specified 12.5 Volt, 30 MHz Characteristics — 
~ Output Power = 100 W(PEP) — 
Minimum Gain = 10 dB . 
: Efficiency = 40% 
@ intermodulation Distortion @ 100 W (PEP) — 
~ IMD = -30 dB (Min) 
® 100% Tested for Load Mismatch at all Phase Angles with ‘ 
30:1 VSWR E STYLE 1: 
PIN 1. EMITTER 
2. BASE 


3. EMITTER 
4. COLLECTOR 


MAXIMUM RATINGS 


ve 
e) 
a 
[a 
| Ade 


Collector Current — Continuous | te | 
Withstand Current — 10s Po ee | ANSI Y14.5M, 1982. 


| Total Device Dissipation @ Tc = 25°C Wark 2. CONTROLLING DIMENSION: INCH, 
Derate above 25°C aaa f — 
MRF421MP is for ordering an hfe matched pair. . 3 Le 295_1 0465 105i) 
; es cael a 96 aa Sa 235 


LE] 214 | 279 | 0.084 | 0.110 


|W | 366 | 452 | 0144 | 0.178 | 
| J | 008 | 0.17 | 0.003 | 0.007 
[| — | 0435 | 


| THERMAL SHARAG EE 


ara 
| Thermal Resistance, Junction to > Caso 


1. DIMENSIONING AND TOLERANCING PER 


CASE 211-11 
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ELECTRICAL CHARACTERISTICS as 25°C unless otherwise noted.) 


eee ee ee 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(Ic = 50 mAdc, Ip = 0) 


Collector-Emitter Breakdown Voltage V(BR)CES 

(tc = 200 mAdc, Veg = 0) 

Collector-Base Breakdown Voltage V(BR)CBO Vdc 
(I¢ = 200 mAde, IE = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO 3.0 | Vde 

|} (Ig = 10 mAdc, Ic = 0) 

Collector Cutoff Current logs 10 mAdc 
(Vcg = 16 Vde, Vee = 0, Tc = 25°C) 


ON CHARACTERISTICS 


DC Current Gain hFE 30 
(I¢ = 5.0 Adc, Veg = 5.0 Vde) | | 


DYNAMIC CHARACTERISTICS 


Output Capacitance 
(Vop = 12.5 Vdc, Ie = 0, f = 1.0 MHz) 


“FUNCTIONAL TESTS 


Common-Emitter Amplifier Power Gain 
(Voc = 12.5 Vde, Pout = 100 W, IC(max) = 10 Adc, 
icq = 150 mAdc, f = 30, 30.001 MHz) 


Collector Efficiency 
(Vcc = 12.5 Vdc, Poyt = 100 W, IC(max) = 10 Ade, 
IcQ = 150 mA, f = 30, 30.001 MHz) 


intermodulation Distortion (1) 
(Vg = 12.5 Vde, Pout = 100 Watts, Ig = 10 Ade, 
Ic = 150 mA, f = 30, 30.001 MHz) 


(1) To proposed El1A measurement technique. 


FIGURE 1 — 30 MHz TEST CIRCUIT SCHEMATIC 


RE 
Output 


C1,C2,C4 — 170-780 pF, ARCO 469 . 10 2, 1 Watt Carbon 
C3 —- 80-480 pF, ARCO 466 IN4997 
- ©5.07,C10 — ERIE 0.1 uF, 100 V 3 Turns, #16 Wire, 5/16” 1.D., 5/16” Long | 
/ C6— MALLORY 500 uF @ 15 V Electrolytic 12 Turns, #16 Enamaled Wire Closewound, 1/4” |.D. 
o> ROO PETS V Electrolyte ; 13/4 Turns, 1/8” Tubing, 3/8” |.D., 3/8” Long 
cs — 1000 pF, 350 V UNDERWOOD 10 #H Molded Choke 
R1— 10 2, 25 Watt Wirewound 10 Ferrite Beads - FERROXCUBE #56-590-65/38 


MOTOROLA RF DEVICE DATA 
2-604 


MRF421, MRF421MP 


FIGURE 2 — OUTPUT POWER versus INPUT POWER FIGURE 3 — OUTPUT POWER versus SUPPLY VOLTAGE. 


160 


Vcc = 12.5 V 

Ico = 150 mA 
TWO TONE TEST: 
f = 30, 30.001 MHz 


Pout, OUTPUT POWER (WATTS PEP) 
Pout, QUTPUT POWER (WATTS PEP) 
3 


0 a | : 
; 80 10 12. 4 16 
Pin, INPUT POWER (WATTS PEP) Vcc, SUPPLY VOLTAGE (VOLTS) : 


_ FIGURE 5 —INTERMODULATION DISTORTION 


FIGURE 4 — POWER GAIN versus FREQUENCY , versus OUTPUT POWER : 
3 : -20 3 
Voc=12.5V . 
ico = 180 mA 


-25 f =30, 30.001 MHz 


ee ee as Os ee 
er oe ae oe ee 
CO eer ae OO (eS 


Icg = 150 mA 
Pout = 100 W PEP 


Gpe, POWER GAIN (dB) 
IMD, INTERMODULATION DISTORTION (dB) 
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FIGURE 6 — DC SAFE OPERATING AREA FIGURE 7 — SERIES EQUIVALENT IMPEDANCE 
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FIGURE 9 — OUTPUT RESISTANCE versus FREQUENCY 


FIGURE 8 — OUTPUT CAPACITANCE versus FREQUENCY 
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MOTOROLA | 
TECHNICAL DATA | — _MRF422 


‘MRF422MP- | 


150 W(PEP) — 30 MHz 


RF POWER | 
TRANSISTORS 


NPN SILICON RF POWER TRANSISTORS eo oe e 
7 | 7 NPN SILICON 


eer primarily for applications’ as a a high: power linear ampli- 
| fier from 2.0 to 30 MHz. 


© Specified 28 Volt, 30 MHz Characteristics — 
Output Power = 150 W(PEP) 
Minimum Gain = 10 dB 
Efficiency = 40% 


® Intermodulation Distortion @ 150 W(PEP) — 
IMD = -30 dB (Min) 


@ 100% Tested for Load Mismatch at all Phase Angles with 
30:1 VSWR 


STYLE 1: 
PIN 1. EMITTER 
2. BASE 
. 3. EMITTER 
4. COLLECTOR 


MAXIMUM RATINGS 
Rating 


Withstanding Current — 10 s 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 
1. DIMENSIONING AND TOLERANCING PER 
ANSI Y14.5M, 1982. 
2, CONTROLLING DIMENSION: INCH. 


MRF422MP is for ordering a HFE matched pair. _ | ! rT WILLIMETERS ais INCHES 


MIN. | MAX | MIN | MAX 
0.990 
0.510 
0.275 
. 0.235 
THERMAL CHARACTERISTICS re | 2. 0.110 


‘Characteristic Ss mbol 08 | 0. i 
| Characteristic =| Symbol - | og | oy | nos Too 
Thermal Resistance, Junction to Case ReJc = y 
; ; . | 0.130 | 130 


0.246 
18.29 | 1854 | 0.720 | 0.730 


CASE 211-11 
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ELECTRICAL CHARACTERISTICS (T¢ = 25°C unless otherwise noted.) 


OFF CHARACTERISTICS 


ollector-Emitter Breakdown Voltage 
(I¢ = 100 mAdc, Vge = 0) 


Collector-Base Breakdown Voltage 
(I¢ = 100 mAdc, Ig = 0) 


Emitter-Base Breakdown Voltage 
(Ie = 10 mAdc, Ic = O) 


| Collector Cutoff Current 
(VcgE = 28 Vde, Vee = 0; Tc = 25°C) 


ON CHARACTERISTICS 


DC Current Gain 
(Ic = 5.0 Adc, Vcg = 5.0 Vde) 


‘DYNAMIC CHARACTERISTICS 


Output Capacitance 
(Vcg = 28 Vac, te = 0, f = 1.0 MHz 


FUNCTIONAL TESTS 


| Common-Emitter Amplifier Power Gain 
(Voc = 28 Vde, Pout = 150 W(PEP), Ic(max) = 6.7 Adc, 
icq = 150 mAdc, f = 30, 30.001 MHz) 


Collector Efficiency 
(Vcc = 28 Vdc, Pout = 150 W(PEP), Ic(max) = 6.7 Ade, 
1cQ = 150 mAdc, f = 30, 30.001 MHz) 


intermodulation Distortion * 
(VcE = 28 Vdc, Pout = 150 Watts(PEP), I¢ = 6.7 Adc, 
Icq = 150 mAdc, f = 30, 30.001 MHz) 


Output Power 
(VcE = 28 Vdc, f = 30 MHz) 


*To Mil Std 1311 Version A, Test Method 2204, Two Tone, Reference each Tone. 


FIGURE 1 — 30 MHz TEST CIRCUIT SCHEMATIC 


C1,2,3,5 — 170-680 pF, ARCO 469 L1 — 3 Turns, #16 Wire, 5/16” I.D., 5/16” Long 
C4 — 80-480 pF, ARCO 466 L2 — 10 x#H Molded Choke 
C6,8,11 —ERIE0.1 uF, 100 V L3 — 12 Turns, #16 Enamaled Wire, Close Wound, 
C7 — MALLORY 500 uf, 15 V 1/4” Dia. 
Electrolytic L4 — 5 turns, ‘1/8” Copper Tubing 
c9 — UNDERWOOD 1000 pF, 350 VV —-L5 — 10 Ferrite Beads — FERROXCUBE #56-590-65/ 
C10 — 10 pF, 50 V Electrolytic 3B 
R1 ~ 10 0, 25 Watt Wire Wound 
R2 ~ —10 0, 1 Watt Carbon 
CR1 — 1N4997 
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MRF422, MRF422MP 


FIGURE 2 — OUTPUT POWER versus INPUT POWER FIGURE 3 — POWER GAIN versus FREQUENCY _ 
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2 5.0 Icq = 150 mA 
= Pout= 150W PEP 
0 
15 2.0 30 50 86=— 7.0 10 15 20 30 
Pin, INPUT POWER (WATTS PEP) f, FREQUENCY (MHz) 
FIGURE 4 — LINEAR OUTPUT POWER FIGURE 5 — INTERMODULATION DISTORTION 
versus SUPPLY VOLTAGE versus OUTPUT POWER 


Vec= 28V 
leg = 150 mA 
f = 30, 30.001 MHz 


Pout, OUTPUT POWER (WATTS PEP) 
IMD, INTERMODULATION DISTORTION (dB) 


Voc, SUPPLY VOLTAGE (VOLTS) — Pout, OUTPUT POWER (WATTS PEP) 
FIGURE 6 — DC SAFE OPERATING AREA FIGURE 7 — SERIES INPUT IMPEDANCE 
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FIGURE 9 — OUTPUT CAPACITANCE 


versus FREQUENCY | 


OUTPUT RESISTANCE versus FREQUENCY 


FIGURE 8 


150 mA 
150 W PEP 


Ica 
Pout = 


oo wo + N 
(44) JONVLIDVdV9 LNdLNO 
INS TWAINDS WATT VW HW" 99 


(SWHO) JONVISISSH 
INdLNO LNFITWAINDA 191 WH Yd Oy 


f, FREQUENCY (MHz) 


f, FREQUENCY (MHz) 
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MOTOROLA 
=a SEMICONDUCTOR EE 
TECHNICAL DATA 


The RF Line 


NPN SILICON RF POWER TRANSISTOR 


Se designed for high gain driver and output linear amplifier stages 


in 1.5 to 30 MHz HF/SSB equipment. 


Specified 28 Volt, 30 MHz Characteristics — 
Output Power = 25 W (PEP) 
Minimum Gain = 22 dB 
Efficiency = 35% 


Intermodulation Distortion @ 25 W (PEP) — 
IMD = -30 dB (Max) 


100% Tested for Load Mismatch at All Phase Angles 
With 30:1 VSWR 


Class A and AB Characterization 
BLX 13 Equivalent 


MAXIMUM RATINGS 


| Total Device Dissipation @ Tc = 25°C (1) 
Derate above 25°C 


Storage Temperature Range 


THERMAL CHARACTERISTICS 


Thermal Resistance, Junction to Case ReJc 


(1) This device is designed for RF operation. The total device dissipation rating applies 
only when the device is operated as an RF amplifier. 


2-611 


MOTOROLA RF DEVICE DATA 


MRF426 


25 W (PEP) — 30 MHz > 


RF POWER _ 
TRANSISTOR 


NPN SILICON 


STYLE 1: 
PIN 1. EMITTER 
2. BASE 
3. EMITTER 
4, COLLECTOR 


NOTES: 
1. DIMENSIONING AND TOLERANCING PER 
ANSI Y14.5M, 1982. 
2. CONTROLLING DIMENSION: INCH. 
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~ 5 
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BR 
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| H | 366 | 452 | 
0.17 _| 
ae 


0084 | 0.110 | 
0.144 | 0.178 | 
| 0.003 | 
0.435 


_ 

—|o 
o|co 
<a Bios) 


0 I> ino ls 
Bo 1co 
Hic 
DPiw ‘ 
lw 
S/S 
o/o 
Ri 
Sl( ip 
Blan lon 

=a 
dE 
_— 
w 
Ss 


18.29 0.720 


MRF426 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) _. b tate 


symbol | Min | typ | Max | Unit 


OFF CHARACTERISTICS 

i ae 
(Ic = 50 mAdc, Ip = 0) 

bir rr Sd AD 
(Ic = 50 mAdc, Ie = 0) . 
Emitter-Base Breakdown Voltage a ee eee Ce Vde 

(IE = 10 mAdc, Ic = 0) 

Press = PL 
(VcE = 28 Vdc, Vee = 0) 


ON CHARACTERISTICS 


DC Current Gain 
(Ic = 1.0 Adc, Vcg ='5.0 Vde 


DYNAMIC CHARACTERISTICS 


Output Capacitance 
(Veg = 30 Vdc, Ig = 0, f = 1.0 MHz) 
FUNCTIONAL TESTS (SSB) 
Common-Emitter Amplifier Gain. 
(Voc = 28 Vde, Pout = 25 W (PEP), f1 = 30 MHz, 
#2 = 30.001 MHz, Icqg = 25 mA) | 
Collector Efficiency 
(Voc = 28 Vdc, Pout = 25 W (PEP), f1 = 30 MHz, 
f2 = 30.001 MHz, Icq = 25 mA) 
Intermodulation Distortion (1) 
(Voc = 28 Vde, Pout = 25 W (PEP), f1 = 30 MHz, 
f2 = 30.001 MHz, Icq = 25 mA) 
Load Mismatch 
(Ve = 28 Vde, Pout = 25 W (PEP), f1 = 30 MHz, 
£2 = 30.001 MHz, Icg = 25 mA, VSWR 30:1 at All Phase Angles 


CLASS A PERFORMANCE 


Intermodulation Distortion (1) and Power Gain 
(Voc = 28 Vdc, Pout = 8 W (PEP), f1 = 30 MHz, 
f2 = 30.001 MHz, Ilcqg = 1.2 Adc) 


(1) To MIL-STD-1311 Version A, Test Method 22048, Two Tone, Reference Each Tone. 
FIGURE 1 - 30 MHz LINEAR TEST CIRCUIT 


ci, C2 — ARCO 469 190-780 pF 3 Turns #16 0.25” ID 

C3, C4 — ARCO 464 25-280 pF , 6 Turns #16 0.5” 1D 

cs — 120 pF Dipped Mica . . 7 Turns #20 0.38" ID 

C6, C7 — 100 pF 15 Vde 10 nH Moided Choke Delevan 
cs 7 680 pF F.T. Allen Bradley Ferroxcube VK200/20-4B8 


ce FOME'SS Mo Tansalern 3-Ferroxcube 5653065-3B 
Input/Output Connectors UG53 A/u 


CR. INAS? 10 92 1/2 Watt 10% 


Adjust Bias (Base) for Icq = 20 MA with No RF Applied 


MOTOROLA RF DEVICE DATA 
2-612 


MRF426 


FIGURE 2 — OUTPUT POWER versus INPUT POWER | FIGURE 3 — OUTPUT POWER versus SUPPLY VOLTAGE 


f = 30.0 MHz 
leq= 25mA 
Vec = 28 Vde — 


f = 30, 30.001 MHz 
~ Ieg=25mA 
IMD(q3) = -35 dB. 


"Pout, QUTPUT POWER (WATTS) 
NE 
eee 

"Pout, OUTPUT POWER (WATTS PEP) 


CNET 
SERGGEG 
BRER oS 


07 20 40 60 80 100 
P..,, INPUT POWER (mW | 


FIGURE 5 — INTERMODULATION DISTORTION ~ 
FIGURE 4 — POWER GAIN versus FREQUENCY : versus OUTPUT POWER 
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FIGURE 6 — DC SAFE OPERATING AREA 
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FIGURE 7 — OUTPUT CAPACITANCE versus FREQUENCY FIGURE 8 — OUTPUT RESISTANCE versus FREQUENCY _ 
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FIGURE 9 — SERIES EQUIVALENT INPUT IMPEDANCE 
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MOTOROLA 


SO aa | 
TECHNICAL DATA :  MRF427 


MRF427A 


The RF Line 


2 Ww (PEP) — 30 MHz 


RF POWER 
TRANSISTOR 


NPN SILICON RF POWER TRANSISTOR 


NPN SILICON 


. designed primarily for high-voltage applications as a high-power 
linear amplifier from 2.0 to 30 MHz. Ideal for marine and base sta- 
tion equipment. 


® Specified 50 Volt, 30 MHz Characteristics — 
Output Power = 25 W(PEP) 

Minimum Gain = 18 dB 

@ Intermodulation Distortion @ 25 W(PEP) = 
IMD = -34 dB (Min) 


© 100% Tested for Load Mismatch at all Phase Angles with 30:1 | 
VSWR 


MAXIMUM RATINGS 


Collector Current — Continuous 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


Storage Temperature Range 


STYLE 1: 
PIN 1. EMITTER 

2. BASE 

3, EMITTER 

4. COLLECTOR 


NOTES: 
1. DIMENSIONING AND TOLERANCING 
PER ANSI Y14.5M, 1982. 

2. CONTROLLING DIMENSION: INCH. - 


STYLE 1: ares: 


PIN 1. ies 1, DIMENSIONING AND TOLERANCING PER 
2. ANSI Y14.5M, 1982. 


3, EMITTER 
4. COLLECTOR 2. CONTROLLING DIMENSION: INCH. 


j-MULIMETERS._[ Inches 
MIN 
0.960 | 0.990 | 
|B | 11.82 | 12.95 | 0.465 | 0.510 | 
6 pS | nas tae | 


CASE 145A-10 


}-0266. | 0.286 | 
u | 1829 1854 | 0.720 | 0.730 | 


MOTOROLA RF DEVICE DATA 


2-615 


MRF427, MRF427A 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 


OFF CHARACTERISTICS 
Collector-Emitter Breakdown Voltage V(BR)CEO | 
(I¢ = 200 mAdc, Ip = 0) 
‘!Collector-Emitter Breakdown Voltage V(BR)CES 
(Ic = 100 mAdc, VgeE = 0) 
Collector-Base Breakdown Voltage V(BR)CBO 
(I¢ = 100 mAdc, IE = 0) 
fEmitter-Base Breakdown Voltage V(BR)EBO 
(ig = 10 mAdc, Ic = 0) 


ON CHARACTERISTICS. 


DC Current Gain | hee 
(Ic = 500 mAdc, Veg = 5.0 Vdc) 


DYNAMIC CHARACTERISTICS 


Output Capacitance 
(Vcp = 50 Vdc, Ie = 0, f = 1.0 MHz) 


FUNCTIONAL TESTS . 


Common-Emitter Amplifier Power Gain 
(Vcc = 50 Vdc, Poyt = 25 WIPEP), f = 30 MHz) 


[Electrical Ruggedness 

(Vcc = 50 Vdc, Poyt = 25 W(PEP), f = 30 MHz, 
VSWR 30:1) 

All Phase Angles’ 


+ 


+ 


ced ii 8 we Vde 


< RF Output 


C1,C2,C6 ARCO 469 Trimmer 

C3 500 uF, 3 Vdc Capacitor 

C4,C7,C10 0.1 uF ERIE REDCAP. 1H Molded Choke _ 

ch: ARCO 463 Trimmer 20 Turns, #20 AWG, Enameled Wire 
cs - 4000 pF, UNELCO Capacitor on 390 ©, 1 Watt Resistor 

co. 47 uF, 50 Vdc Capacitor VK 200-4B FERROXCUBE Choke 
Ri 20 2,.5 Watt Resistor 

R2 - 402, % Watt Resistor 

a eee ‘0.15 WH Inductor 

L2 0.3 HH Inductor 

D1: 1N4997 


MOTOROLA RF DEVICE DATA 
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MRF427, MRF427A 


“FIGURE 2 — OUTPUT POWER versus INPUT POWER 
40 : 
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Gpe, POWER GAIN (dB) 


Pout, OUTPUT POWER (WATTS) 


S 


Pin, INPUT POWER (WATTS) 


FIGURE 4 — INTERMODULATION DISTORTION versus 
OUTPUT POWER | 
Vcc = 50 Vde 
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IMD, INTERMODULATION DISTORTION (dB) 


Pout, OUTPUT POWER (WATTS PEP) 


FIGURE 6 — OUTPUT RESISTANCE versus FREQUENCY 


—Vec=50V 
Ico =40mA 


Rout, PARALLEL EQUIVALENT 
OUTPUT RESISTANCE (QHMS) 


f, FREQUENCY (MHz) 


i eae, ae a eS ee ae ae 


a: 
(ies ee | 


Cout, PARALLEL EQUIVALENT 
OUTPUT CAPACITANCE (pF) 


IMD, INTERMODULATION DISTORTION (dB) 
4 H H t 


FIGURE 3 — POWER GAIN versus FREQUENCY - 
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FIGURE 5 — INTERMODULATION DISTORTION versus 
OUTPUT POWER 
Vcc = 40 Vde 


Ica =40 mA 
— f = 30,30.001 MHz 


Pout, OUTPUT POWER (WATTS PEP) 


FIGURE 7 — OUTPUT CAPACITANCE versus FREQUENCY 
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MRF427, MRF427A 


FIGURE 8 — OUTPUT POWER versus SUPPLY VOLTAGE 
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FIGURE 9 — DC SAFE OPERATING AREA 
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FIGURE 10 — SERIES EQUIVALENT IMPEDANCE 


; 88 


“ 
19) 32 we 
. \ wen Be 4 
ee aseas 


1.04779 
EY 


HIN TRAY 

CPE 
PEE PRE ETE ALT ALL TAT 
PA Hea rg eee: 


ae 
Mt : Hs |e2) 
Hts Sade teh 
Per scre sta = aie (SF 


SSS 
SKN SSSI 


MOTOROLA RF DEVICE DATA 


2-618 


MOTOROLA 


ma SEMICONDUCTOR 
TECHNICAL DATA 


MRF428 


The RF Line | | 
a 150 W (PEP) — 30 MHz 
RF POWER | 
TRANSISTOR 


: : , NPN SILICON 
NPN SILICON RF POWER TRANSISTOR 


.. . designed primarily for high-voltage applications as a high-power 
linear amplifier from 2.0 to 30 MHz. tdeal for marine and base station 
“equipment. . 


@ Specified 50 Volt, 30 MHz Characteristics — 
Output Power = 150 W(PEP) 
Minimum Gain = 13 dB 
Efficiency = 45% 

® Intermodulation Distortion @ 150 W (PEP) — 
1MD = -30 dB (Max) 


® 100% Tested for Load Mismatch at all Phase Angles with 
30:1 VSWR 


STYLE 1: 
PIN 1. EMITTER 
2. BASE 
3. EMITTER 
4, COLLECTOR 


MAXIMUM RATINGS 


Rating 


Collector-E mitter Voltage 


NOTES: 
1. DIMENSIONING AND TOLERANCING PER 
ANSI Y14.5M, 1982. 
2. CONTROLLING DIMENSION: INCH. 


| Withstand Current — 10s | Fm | 
Total Device Dissipation @ Te = 25°C as 


Derate above 25°C 


Storage Temperature Range 
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Characteristic 


Thermal Resistance, Junction to Case 
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CASE 211-11 


MOTOROLA RF DEVICE DATA 


2-619 


MRF428 


ELECTRICAL EEO RAE LEH ISIIGS Te= 25°C unless otherwise noted.) 


ee Ce a a 


OFF CHAE AC) En Stit> 
ee 
(I¢ = 200 mAdc, Ip = 0) 
Collector-Emitter Breakdown Voltage ho ee re ae Ss 
. (I¢ = 100 mAdc, Ve = 0) : . 
Collector-Base Breakdown Voltage , | pooh oe ee oe ee 
(t¢ = 100 mAdc, tg = 0) 
(le =10mAdc, Ic =O). . 


ON CHARACTERISTICS 


DC Current Gain hee 30 
(I¢ = 5.0 Adc, Vcg = 5.0 Vdc) 


DYNAMIC CHARACTERISTICS 


Output Capacitance - 
(Vcp = 50 Vdc, IE = 0, f = 1.0 MHz) 


FUNCTIONAL TESTS 


Common-Emitter Amplifier Gain 
(Voc = 50 Vdc, Poy = 150 W (PEP) !¢(max) = 3.32 Adc, 
f = 30 MHz) 
Output Power 
(VcE = 50 Vdc, f = 30 ital, 
Collector Efficiency 
os 50. Vdc, Pout ° = 150 W (PEP), Ic(max) = 3.32 Adc, 
= 30 MHz) 
intermodulation Distortion (1) 
(VceE = 50 Vdc, Poyt = 150 W (PEP), Ic = 3.32 Adc) 
Electrical Ruggedness - 
~ (Voc = 50 Vde, Pout = 150 W (PEP), elmenls 3.32 Adc, 
f = 30 MHz) No Degradation in Output Power 
VSWR 30:1 at all Phase Angles 


Vdc 


(1) To Mil Std 1311 Version A, Test Method 2204B, Two Tone, Reference Each Tone. 


FIGURE 1 — 30 MHz TEST CIRCUIT SCHEMATIC 


+ 


RF 
Output 


C1,C2,C7 170-780 pF, ARCO 46% 1022, 1 Watt 

.C3,C8,C9 0.1 uF, 100 V ERIE. 1N4997 
C4 500 uF @6 V 3 Turns, #16 Wire, 5/16” 1.D., 5/16” Long 
cs 9.0-180 pF, ARCO 463 10, BH Molded Choke 
Cé 80-480 pF, ARCO 466 42 Turns, #16 Enamated Wire Gissewouned: 1/4” 1.0, 
C10 30 HF, 100 V 5 Turns, 1/8’’ Copper Tubing, 9/16” |.D., 3/4”’ Long 
R1 10 82, 10 Watt 10 Ferrite Beads — FERROXCUBE #56-590-65/3B 


MOTOROLA RF DEVICE DATA 
2-620 


MRF428 


OUTPUT IT POWER versus SUPPLY \ VOLTAGE 


FIGURE 3 


-. FIGURE 2 — OUTPUT POWER versus INPUT POWER 
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Vcc, SUPPLY VOLTAGE (VOLTS) 


Pin; INPUT POWER (WATTS) 


FIGURE 5 — DC SAFE OPERATING AREA 


FIGURE 4 — POWER GAIN versus FREQUENCY 
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Vce, COLLECTOR-EMITTER VOLTAGE (VOLTS) 


f, FREQUENCY (MHz) 


INTERMODULATION DISTORTION versus OUTPUT POWER 


FIGURE 7 — Voc = 50 Vdc 


FIGURE 6 — Vcc = 40 Vde 
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MOTOROLA RF DEVICE DATA 


2-621 


MRF428 


FIGURE 9 — OUTPUT RESISTANCE versus FREQUENCY — 


FIGURE 8 — OUTPUT CAPACITANCE versus FREQUENCY 
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Hy 


| 
MOTOROLA RF DEVICE DATA 


FIGURE 10 — SERIES EQUIVALENT IMPEDANCE 


MOTOROLA 
a SEMICONDUCTOR mam 
TECHNICAL DATA — ’ 


- MRF429° 
MRF429MP — 


The RF Line | 


150 W (LINEAR) 30 MHz 


RF POWER ~~ 
TRANSISTORS | 


+ NPN SILICON 
NPN SILICON RF POWER TRANSISTORS 


... designed primarily for high-voltage applications as a high- 
power linear amplifier from 2.0 to 30 MHz. Ideal for marine and 
base station equipment. a | | 
®@ Specified 50 Volt, 30 MHz Characteristics — 

Output Power = 150 W(PEP) . 

Minimum Gain = 13 dB 
| Efficiency = 45% | 
@ Intermodulation Distortion @ 150 W(PEP) — 

IMD = -—32 dB (Max) © 


@ Diffused Emitter Resistors for Superior Ruggedness 


®@ 100% Tested for Load Mismatch at all Phase Angles with 30:1 
VSWR @ 150 W CW : 


STYLE 1: 
PIN 1, EMITTER 
2. BASE 
3. EMITTER 
4. COLLECTOR 


MAXIMUM RATINGS 


| Rating | Symbol | Value 
Collector-Emitter Voltage VcCEO | BO dc 
Collector-Base Voltage _ VcBo oa Ndc 


eft 


Collector Current — Continuous: ee eee 1. DIMENSIONING AND TOLERANCING PER 
: ANSI Y14.5M, 1982. 
Withstand Current — 10 s | — | 2 ~3| Ade | . 2. CONTROLLING DIMENSION: INCH. 
° : 5 MILLIMETERS | INCHES | 
Derate above 25°C W/°C [MIN | MAX 
Storage Temperature Range , —65.to +150 0.990 


MRF429MP is for ordering an hee matched pair. 


THERMAL CHARACTERISTICS | Lo 
|___ Characteristic =| Symbol | = Max | _—Unit_—| 
| Thermal Resistance, Junction toCase | Rec | _0.75 "CW 


CASE 211-11 


MOTOROLA RF DEVICE DATA 


2-623 


MRF429, MRF429MP_ 


ELECTRICAL eee Te = 25°C unless otherwise noted. ) 


Cnt | sme [ipa] 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 


| V(BR)CEO Vde 

(l¢ = 200 mAdc, lp = 0). . ~ 

Collector-Emitter Breakdown Voltage V(BRICES Vde 
(i¢ = 100 mAdc, VgE = 0) 

Collector-Base Breakdown Voltage V(BR)CBO Vde 
(Ic = 100 mAdc, Ig = 0) ae 

Emitter-Base Breakdown Voltage V(BR)EBO Vdc 
(IE = 10 mAdc, Ic = 0) | 


ON CHARACTERISTICS 


DC Current Gain 
(I¢ = 5.0 Adc, Vce = 5.0 Vdc) 


DYNAMIC CHARACTERISTICS 

Output Capacitance. 
(Vcgp = 50 Vdc, le = 0,f = 1.0 MHz) 

FUNCTIONAL TESTS 

Common-Emitter Amplifier Gain 
(Vcc = 50 Vdc, Poyt = 150 W (PEP) Ic(max) = 3.32 Adc, 
f = 30; 30.001 MHz) 


Output Power 
(VCE = 50 Vdc, f = 30; 30.001 Miz) 


Collector Efficiency . 
(Vcc = 50 Vdc, Pout = 150 W (PEP), Ic(max) = 3.32 Adc, © 
f = 30; 30.001 MHz) 

Intermodulation Distortion (1) 
(VcE = 50 Vdc, Poyt = 150 W (PEP), Ic = 3.32 Adc) 


Electrical Ruggedness 
(Vcc = 50 Vdc, Pout = 150 WCW, f = 30 Mhz, No Degradation in Output Power 
VSWR 30:1 at all Phase Angles) 


(1) To Mii Std 1311 Version A, Test Method 22048, Two Tone, Reference Each Tone. 


FIGURE 1 — 30 MHz TEST CIRCUIT SCHEMATIC 


L5 
+ 


V 
13 Sei Use C10 Ot de 


fad 


C1,C2,C7 170-780 pF, Arco 469 10 2, 1 Watt 
C3,C8,C9 0.1 pF, 100VErie = 5-3.3 © 1/2 Watt Carbon Resistors in Parallel 
500 nF @6V 1N4997 


9.0-180 pF, Arco 463 3 Turns, #16 Wire, 5/16” I.D., 5/16” Long 
80-480 pF, Arco 466 10 »H Molded Choke. | 
30 wF, 100 V 12 Turns, #16 Enameled Wire Closewound, 1/4" |.D. 
10 ©, 10 Watt 5 Turns, 1/8” Copper Tubing, 9/16” I.D., 3/4” Long 
10 Ferrite Beads — Ferroxcube #56-590-65/3B 


MOTOROLA RF DEVICE DATA 
2-624 


MRF429, MRF429MP 


Pout, OUTPUT POWER (WATTS CW) 


Gpe, POWER GAIN (dB) 


-FIGURE 2 — OUTPUT POWER versus INPUT POWER. 


Pin, INPUT POWER (WATTS) 


FIGURE 4 — POWER GAIN versus FREQUENCY 
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FIGURE 6 — fr versus COLLECTOR CURRENT 


COLLECTOR CURRENT, Ic (AMPS.) 


- Pout, OUTPUT POWER (WATTS PEP) 


Pout, (WATTS CW) 


| “IMD, INTERMODULATION DISTORTION (dB) 


FIGURE 3 — OUTPUT POWER versus SUPPLY VOLTAGE _ 


Vcc, SUPPLY VOLTAGE (VOLTS) - 


FIGURE 5 — RF SAFE OPERATING AREA (SOAR) _ 
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FIGURE 7 — IMD versus Poyt 
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MOTOROLA RF DEVICE DATA 
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MRF429, MRF429MP 


FIGURE 8 — OUTPUT CAPACITANCE versus FREQUENCY | 
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FIGURE 10 — SERIES EQUIVALENT IMPEDANCE 
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MOTOROLA RF DEVICE DATA 


2-626 


ss SEMICONDUCTOR 


MOTOROLA 
TECHNICAL DATA 


The RF Line ; | ae oa see is MRF430 — 
NPN Silicon _ 
RF Power Transistor — 


600 WATTS (LINEAR) 

30 MHz = 
RF POWER TRANSISTOR 
- NPN SILICON 


... designed primarily for high-voltage applications as a high-power linear amplifier 
from 2 to 30 MHz. Ideal for marine and base station equipment.. . 
® Specified 50 Volt, 30 MHz Characteristics * . 
Output Power = 600 W 
Minimum Gain = 10 dB 
Efficiency = 40% — 
@ Intermodulation Distortion @ 600 W(PEP) — IMD = —30 dB 
® Diffused Emitter Resistors for Superior Ruggedness 
@ Low Thermal Resistance 


MAXIMUM RATINGS ~ 


Emitter-Base Voltage — 


Collector Current — Continuous Adc 
Operating Junction Temperature : | ar 7 


Total Device Dissipation @ Tc = 25°C | Pp. 875 Watts 
Derate Above 25°C : i, Sop aS 


THERMAL CHARACTERISTICS 


a 
| Thermal Resistance, Junction to Case . Rajc 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) : 


OFF CHARACTERISTICS wee 2 ae ae z 
Collector-Emitter Breakdown Voltage V(BR)CEO Vdc - 
(I¢ = 500 mAdc, Ig = 0) oe 
Collector-Emitter Breakdown Voltage | ——- ViBR)CES Vde 
(l¢ = 200 mAdc, VBE = 0) . 
Emitter-Base Breakdown Voltage V(BR)EBO Ve 
(le = 20 mAdc, Ic = 0) | 
ON CHARACTERISTICS | 


DC Current Gain 
(Ic = 20 Adc, Vce = 10 Vdc) i Page! 


(continued) 


MOTOROLA RE DEVICE DATA 


2-627 


MRF430 


ELECTRICAL CHARACTERISTICS — continued (Tc = 25°C unless otherwise noted) 


[Characteristic | Svmbot | min [tye | Max [Unit | 


DYNAMIC CHARACTERISTICS 
Output Capacitance 


(Vcp = 50 Vde, Ip = 0, f = 1 MHz) 
FUNCTIONAL TEST 


Common-Emitter Amplifier Power Gain 
(Vcc = 50 Vde, Pout = 600 W (CW), f = 30 MHz, Icg = 


Collector Efficiency 
(Vcc = 50 Vdc, Poyt = 600 W, f = 30 MHz, Icq = 600 mA) 


600 mA) 


intermodulation Distortion (1) 
(VcE = 50 Vdc, Poyt = 600 W (PEP), IcqQ = 600 mA, f = 30 MHz) 


(1) To Mil Std 1311 Version A, Test Method 2204B, Two Tone, Reference Each Tone. 


+ 
C23-5 C24 50V 
a “tT on afi ea "| 
_ RI — R2 = 1 = 
+0 | 7 
0-12V + | a 
ne D1 R3.$ C5 AN C6AR C7 Ci2S="C13 == 2. C14 Ci5== C16 VI 
| a it RF 
ae 112 OUTPUT 
| —_ 
RF ie | D.U.T. 
INPUT a 
| ee 
C1, C3, C11 — Arco 469 or equivalent Li — 2 Turns #14 AWG, 2" ID, %" Long 
C2 — 820 pF L2 — Ohmite Z-235 or equivalent 
C4 — 330 pF -_L3, L4 — Ferrite Beads, Fair-Rite Products Corp. #2673000801 
C5 — 1000 uF/3 V Electrolytic or equivalent 
C6, C8, C9, C10, C17, C18, C19 — 0.1 uF '  T1— RF Transformer, 1:25 Impedance Ratio. See Motorola 
C7, C22, C23 — 0.47 uF, RMC Type 2225C or equivalent Application Note AN74Q, Figure 4 for details. Ferrite 
C12, C13, C14 — 470 pF Material: 2 Each, Fair-Rite Product Corp. #2667540001 
C15 — 1000 pF or equivalent . 
C16 — Two Unencapsulated 1000 pF Mica in Series All capacitors ATC type 100/200 chips or equivalent, unless 
C20, C21 — 0.039 uF otherwise noted. 


C24 — 10 4F/100 V Electrolytic 
D1 — 1N4997 or equivalent 

R1 — 10 Ohms/10 W 

R2 — 0.1 Ohm/% W 

R3 — 2.7 Ohms/2 W 


Figure 1. 30 MHz Test Circuit Schematic 


- MOTOROLA RF DEVICE DATA 
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TYPICAL CHARACTERISTICS 


| Pout OUTPUT POWER (WATTS CW) 


20 30 
Pin, INPUT POWER (WATTS CW) ~ 


Figure 2. Output Power versus Input Power 


[e°] 
oS 
=) 


600 -— 


Pout, OUTPUT POWER (WATTS PEP) 
> 
fos] 


30 
~ Vcc, SUPPLY VOLTAGE (VOLTS) 


Figure 4. Output Power versus Supply Voltage 


Ic, COLLECTOR CURRENT (AMPS) 


ae CV SG 0 a a 
ee Ee eae a BEE 
1 oa 100 


Vce, COLLECTOR-EMITTER VOLTAGE (VOLTS) 


Figure 6. DC Safe Operating Area 


nad 


Gpg, POWER GAIN (dB) 


4 6 . 8.. 10 
_f, FREQUENCY (MHz) 


Figure 3. Power Gain versus Frequency 


IMD, INTERMODULATION DISTORTION (dB) 


100 200 300 400 500 600 
Pout. OUTPUT POWER (WATTS PEP) 


_ Figure 5. IMD versus Output Power 
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Figure 7. fy versus Collector Current 


MOTOROLA RF DEVICE DATA 
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Rout: PARALLEL EQUIVALENT 
OUTPUT RESISTANCE (OHMS) 


ae eee ae 


ead 
a 
iw 
E 
= 
Sac 
N 
z 
é 


0 
1.5 
f, FREQUENCY (MHz) 
Figure 8. Output Resistance and Capacitance 
versus Frequency 


MOUNTING OF HIGH POWER RF 
POWER TRANSISTORS 


The package of this device is designed for conduction 
cooling. It is extremely important to minimize the thermal 
resistance between the device flange and the heat 
dissipator. | 

Since the device mounting flange is made of soft cop- 
per, it may be deformed. during various stages of handling 
or during transportation. It is recommended that the user 
makes a final inspection on this before the device instal- 
lation. +0.0005” is considered sufficient for the flange 
bottom. | 

The same applies to the heat dissipator in the device 
mounting area. If copper heatsink is not used, a copper 
head spreader is strongly recommended between the de- 
vice mounting surfaces and the main heatsink. It should 
be at least 1/4” thick and extend at least one inch from 
the flange edges. A thin layer of thermal compound in all 
interfaces is, of course, essential. The recommended 
torque on the 4-40 mounting screws should be in the area 
of 4-5 Ibs.-inch, and spring type lock washers along with 
flat washers are recommended. _ 

For die temperature calculations, the A temperature 
from a corner mounting screw area to the bottom center 


Cout, PARALLEL EQUIVALENT 
OUTPUT CAPACITANCE (pF x 1000) — 


bane WAVE 
9 0.01 


LENGTHS ; 
0.92°h 


0.28 — j0.12 
0.40 — j0.27 
0.65 — j0.45 
1.10 — j0.60 
1.90 — j0.65 


<> 
LP SQLS 
Sa SOKSS OOO 
A SRO 
CREE RSIS 


Figure 9. Series Equivalent Input Impedance 


of the flange is approximately 5°C and 10°C under normal 
operating conditions (dissipation 150 W and 300 W 
respectively). . 

The main heat dissipator must be sufficiently large and 
have low Rg for moderate air velocity, unless liquid cool- 
ing is employed. 


CIRCUIT CONSIDERATIONS 


At high power levels (500 W and up), the circuit layout 
becomes critical due to the low impedance levels and 
high RF currents associated with the output matching. 
Some of the components, such as capacitors and induc- 
tors must also withstand these currents. The component 
losses are directly proportional to the operating fre- 
quency. The manufacturers specifications on capacitor 
ratings should be consulted on these aspects prior to 
design. . . 

' Push-pull circuits are less critical in general, since the 


ground referenced RF loops are practically eliminated, 


and the impedance levels are higher for a given power 
output. High power broadband transformers are also eas- 
ier to design than comparable LC matching networks. 


MOTOROLA RF DEVICE DATA 
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MOTOROLA 


a SEMICONDUCTOR & 
TECHNICAL DATA 


MRF433 


_ The RF Line | 


12.5 W (PEP) — 30 MHz. 


RF POWER 
SILICON RF POWER TRANSISTORS TRANSISTOR 


... designed primarily for application as complementary symmetry 


NPN SILICON 
amplifiers in linear amplifiers from 2.0 to 30 MHz. 


@ Specified 12.5 Volt, 30 MHz Characterisitcs — 
Output Power = 12.5 W (PEP) 
Minimufn Gain = 20 dB 
Efficiency = 50% 

@ Intermodulation Distortion @ 12.5 W (PEP) — 
IMD = ~30 dB (Max) 


STYLE 1: 
PIN 1. EMITTER 
2. BASE 
3. EMITTER 
4. COLLECTOR 


MAXIMUM RATINGS 
| 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C NOTES: 


, 1. DIMENSIONING AND TOLERANCING PER 
Storage Temperature Range | Tstg | -—65 to +150: ANSI Y14.5M, 1982, 


2. CONTROLLING DIMENSION: INCH. 


MILLIMETERS | INCHES | 
| MIN | MAX | MIN | 


18.54 0.720 0.730 


CASE 211-07 


MOTOROLA RF DEVICE DATA 
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MRF433 


ELECTRICAL CHARACTERISTICS (T 


= 25°C unless otherwise noted.) 


OFF CHARACTERISTICS © 
Collector-Emitter Breakdown Voltage 
(I¢ = 20 mAdc, Ig = 0) 
Collector-Emitter Breakdown Voltage 
(Ic = 10 mAdc, Vee = 0) 
Emitter-Base Breakdown Voltage 


(Ie = 2.0 mAdc, Ic = 0) 
Collector Cutoff Current 

(VcE = 15 Vdc, Vee = 0, Tc = 55°C) 
Collector Cutoff Current 

(Vcp = 15 Vdc, IE = 0) 
ON CHARACTERISTICS 


DC Current Gain 
(Ic = 0.5 Ade, VcE = 5.0 Vdc) 


DYNAMIC CHARACTERISTICS | 


Output Capacitance 
(Vcp = 15 Vdc, Ie = 0, f = 1.0 MHz) 


FUNCTIONAL TESTS 


Common-Emitter Amplifier Power Gain!1) 
(Vcc = 12.5 Vde, Poy = 12.5 W (PEP), 
IcQ = 100 mAdc, f = 30,30.001 MHz) 
Collector Efficiency 
(Vcc = 12.5 Vde, Pout = 12.5 W (PEP) 
(f = 30,30.001 MHz) 
intermodulation Distortion 
(Vec = 12.5 Vde, Pout = 12.5 W (PEP), 
Icq = 100 mAdc, f = 30, 30.001 MHz) 


Series Equivalent Input Impedance 
(Veco = 12.5 Vde, Pour = 12.5 W (PEP), 
IcqQ = 100 mAdc, f = 30,30.001 MHz) 
Series Equivalent Output Impedance 
(Voc = 12.5 Vde, Pout = 12.5 W (PEP), 
IcqQ = 100 mAdc, f = 30, 30.001 MHz) 


(1) Class AB 
(2) Class A 
FIGURE 1 — 30 MHz TEST CIRCUIT SCHEMATIC 
a R2 LS 
las 
ee + 
210V" 12.5 V 
+ 
C10 R5 
cR18 . . 
CR2 eo ce 
C11 RG 
+ 
caot:ti‘(‘( 
. .U.T. —— RF 
C1 | wy. Output 
RF eo , zy i 
Input ; 
C3 L2 
C2 
C1,C2,C4 170—780 pF, ARCO 469 R2 10 2, 5 Watt L3. 10H Molded Choke 
C3 25—280 pF, ARCO 464 R3,R4 1k&l, 1/4 Watt La 15 Turns, #24 AWG Enamaled Wire, 
C5,C6 500 uF, 3 V, ELECTROLYTIC R5,R6 10 k&2, 1/4 Watt Closewound on a 100 £2, 1 Watt 
C7,c9 0.1 KF, Disc Ceramic CR1,CR2 1N4001 : Carbon Resistor. 
cs 1000 pF Disc Ceramic L1 3 Turns, #18 AWG, 1/4’ 1.D.,3/16" Long L5 FERROXCUBE VK200 — 20/4B 
C10,C11 100uF,15V,ELECTROLYTIC L2 .3 Turns, #16 AWG, 3/8” I.D., 1/4’ Long 
R1 10 2, 1/2 Watt 
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MOTOROLA | 
= SEMICONDUCTOR @ 
TECHNICAL DATA 


The RF Line 


250 W — 30 MHz 


RF POWER 
TRANSISTOR 


. NPN SILICON. 
NPN SILICON RF POWER TRANSISTOR 


_. designed primarily for high-voltage applications as a high-power 
linear amplifier from 2.0 to 30 MHz. Ideal for marine and base station 
equipment. 


@ Specified 50 Volt, 30 MHz Characteristics 


Output Power = 250 W 
Minimum Gain = 12 dB 
Efficiency = 45% 
® |Intermodulation Distortion @ 250 W (PEP) — 
IMD = -30 dB (Max) 


® 100% Tested for Load Mismatch at all Phase Angles with 
3:1 VSWR 
STYLE 1: 
PIN 1. EMITTER 
2. BASE 


3. EMITTER 
4.. COLLECTOR 


MAXIMUM RATINGS 


| Withstand Current — 10s 


1. DIMENSIONING AND TOLERANCING PER 
Total Device Dissipation @ Tc = 25°C (1) ANSI Y14.5M, 1982. 


Derate Above 25°C ’ 2. CONTROLLING DIMENSION: INCH. 


Storage Temperature Range 


| THERMAL CHARACTERISTICS 


Thermal Resista nce, Junction to cere. 


| (1) Pp is a meseurement reflecting short term menimum: condition. See BGAN curve aS operating 
gertiitions. 


CASE 211-11 


MOTOROLA RF DEVICE DATA 
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MRF448 


ELECTRICAL CHARACTERISTICS (Tc =:25°C unless otherwise noted) 


[hacia «vm | wie tw we | 


OFF CHARACTERISTICS 


“Collector-Emitter Breakdown Voltage 
(I¢ = 200 mAdc, Ig = O) 


‘| Collector-Emitter Breakdown Voltage 
(I¢ = 100 mAdc, Vee = 0) 


Collector-Base Breakdown Voltage 
(Ic = 100 mAdc, Ig = O) 


Emitter-Base Breakdown Voltage 
(IE = 10 mAdc, Ic = 0) 


ON CHARACTERISTICS 


DC Current Gain 
(Ic = 5.0 Adc, VCE = 5.0 Vdc) . 


DYNAMIC CHARACTERISTICS 


Output Capacitance 


(Vc = 50 Vdc, Ig = O, f = 1.0 MHz) 
FUNCTIONAL TEST 


Common-Emitter Amplifier Power Gain 


(Vcc= 50 Vdc, Poyt= 250 W CW, f = 30 MHz, Icqg= 250 mA) 


Collector Efficiency 


% (PEP) 


(Vcc = 50 Vdc, Poyt = 250 W, f = 30 MHz, icq = 250 mA) 


Intermodulation Distortion (1) 


(Voge = 50 Vdc, Pout= 250 W (PEP), Iicg= 250 mA, f= 30 MHz) 


Electrical Ruggedness: 
(Vcc = 50 Vdc, Pout = 250 W CW, 
f= 30 MHz, 
VSWR 3:1 at all Phase Angles) 


No Degradation in Output Power 


(1) To Mil Std 1311 Version A, Test Method 2204B, Two Tone, Reference Each Tone. 


FIGURE 1 — 30 MHz TEST CIRCUIT SCHEMATIC 


C1, C2, C5, C7 — 170-780 pF, Arco 469 
C3,.C8, C9 — 0.1 pF, 100 'V Erie 

C4 — 500 uF @ 6.0 V 

C6 — 360 pF, 3 120 pF 3.0: kV in parallel 
C10— 10 nF,100V ; 

R1 — 10.0, 10 Watt 

R2— 102, 1 Watt 


RF 
Output 


CR1 — 1N4997 or equivalent — 

L1 — 3 Turns, #16 Wire, 0.4” 1.D.,0.3 ” Long 

L2 — 0.8 wH, Ohmite Z-235 or equivalent 

L3 — 12 Turns, #16 Enameled Wire Closewound 0.25” |.D. 

L4 — 4 Turns, 1/8” Copper Tubing, 0.6” |.D., 1.0” Long 

L5, L6 — 2.0 wH, Fair-Rite 2643021801 Ferrite bead each or equivalent. 
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FIGURE 2 — OUTPUT POWER versus INPUT POWER FIGURE 3 — OUTPUT POWER versus SUPPLY VOLTAGE 


Icq = 250 mA 


Pout. OUTPUT POWER (WATTS CW) 
Pout. OUTPUT POWER (WATTS PEP) 


Pi, INPUT POWER (WATTS) Vcc, SUPPLY VOLTAGE (VOLTS) 


| , FIGURE 5 — RF SOAR (CLASS AB) 
_ FIGURE 4 — POWER GAIN versus FREQUENCY . Pout versus OUTPUT VSWR 
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FIGURE 6 — fT versus COLLECTOR CURRENT te FIGURE 7 — IMD versus Pout 
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Ic. COLLECTOR CURRENT (AMPS) | Pout, OUTPUT POWER (WATTS PEP) 
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FIGURE 8 — OUTPUT RESISTANCE AND 
. CAPACITANCE versus FREQUENCY 


5000 


Vec = 50 V 
lcq = 250 mA 
Pout = 250 W PEP 


ae ae 
seal 
(eae ae: 
a ae 


4000 


3000 . 


2000 


Coys PARALLEL EQUIVALENT 
QUTPUT CAPACITANCE (pF) 


Rout, PARALLEL EQUIVALENT 
OUTPUT RESISTANCE (OHMS) 


ee | ae ee ee ae 
TTT] Tht, 
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FIGURE 9—SERIES EQUIVALENT IMPEDANCE 


0.0% AR LOA 
ao THGLe, oF 


Vec = 50 V 
Icg = 150 mA 
Pout = 250 W PEP 
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0.80 -J1.25 
1.70 -J1.75 
3.10 -J1.80 
4.50 -J1.40 


SSO 
PERE 


OX 


MOTOROLA RF DEVICE DATA 
9-636 


MOTOROLA 


aa SEMICONDUCTOR 
TECHNICAL DATA 


ene 


30 W — 30 MHz 


RF POWER 
TRANSISTOR _ 


NPN SILICON, 


The RF Line 
NPN SILICON RF POWER TRANSISTOR 


. . . designed for power amplifier application in industrial, com- 
mercial and amateur radio equipment to 30 MHz. 


@ Specified 12.5 Volt, 30 MHz Characteristics — 
Output Power = 30 Watts 
Minimum Gain = 12 dB 

Efficiency = 50% 


MAXIMUM RATINGS 


Collector-Emitter Voltage VcEO 


fe 

[Enter Sane Voroge | ~Veso | #0] 

Total Device Dissipation @ Tc = 25°C pee lh ae 
Derate above 25°C 34 


3 
a 
Thermal Resistance, Junction to Case c/w 


Vde 
Vde 
Vdc 
Oc ; 


Watts 
mWw/°C 


8-32UNC-2A 
WRENCH FLAT 


STYLE 1: 
PIN 7. EMITTER - 
2. BASE 
3.EMITTER 
4. COLLECTOR 


NOTES: 
1, DIMENSIONING AND TOLERANCING PER ANSI 
Y14.5M, 1982. . ; 
2. CONTROLLING DIMENSION: INCH. 


MILLIMETERS INCHES | 
MIN. | MAX. 
0.370 | 0.386 


[813 | 8.38 | 
17.02_| 20.07 


Ci — 14-150 pF, ARCO 424 

C2, C3, C4 — 170-780 pF, ARCO 469 

C5, C8 — ERIE 0.1 «F @ 100 V RED CAPS 

C6 — 1000 pF UNELCO, 350 Vdc 

C7 — 10 uF, 35 Vde 

R1 — 100 ©, 2.0 W Carbon 

L1 — 0.15 wH Molded Choke MILLER 

L2 — FERROXCUBE, VK200-20-4B 

L3 — 3 Turns, #14 Bare Tinned Wire, 0.3” (0.79) |.D. x 0.38” (0.97) Long 
L4 — 9 Turns, #20 Enamel Wire, Close Wound on R1 , 

L5 — FERROXCUBE #56-570-65/3B, 5 Ferrite Beads, on 1” Long #20 Wire 
Input/Output Connectors — Type N 

Board — Glass Teflon Mounted on a 4” x 4” x 2” SEEZAK Box CASE 145A-09 
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ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) . ; | A= 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage V(BR)CEO 20 
(1c = 100 mAde, tp = 0) 


Collector-Emitter Breakdown Voltage V(BR)CES 
(I¢ = 50 mAdc, Vee = 0) | 
(I¢ = 20 mAdc, Ig = 0) 


Emitter-Base Breakdown Voltage V(BR)EBO 
(le = 5.0 mAdc, Ic = 0) 
ON CHARACTERISTICS 


DC Current Gain HEE 
(Ic = 1.0 Adc, VcgE = 5.0 Vdc) 


DYNAMIC CHARACTERISTICS | 


Output Capacitance 


(Veg = 12.5 Vde, Ie = 0, f = 1.0 MHz) 
FUNCTIONAL TESTS (Figure 1) 


Common-Emitter Amplifier Power Gain 
(Vcc = 13.6 Vdc, Pout = 30 W, Iclmax) = 4.0 Ade, 
f = 30 MHz) 
Collector Efficiency 
(Vcc = 13.6 Vdc, Pout = 30 W, Ic(max) = 4.0 Ade, | 
f = 30 MHz) 


Series Equivalent Input Impedance i 2.13-j1.15 
(Voc = 12.5 Vde, Pout = 30 W, f = 30 MHz) 7 
Series Equivalent Output Impedance _ 2.47-j0.37 

(Vee = 12.5 Vde, Poyt = 30 W, f = 30 MHz) 


- FIGURE 2 — POWER OUTPUT versus POWER INPUT . FIGURE 3 — OUTPUT POWER versus SUPPLY VOLTAGE 


Pout, OUTPUT POWER (WATTS) 
Pout, OUTPUT POWER (WATTS) 


02 O88 O75 10 125 #15 4175 20 
Pin, INPUT POWER (WATTS) | Vc, SUPPLY VOLTAGE (VOLTS) _ 
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MOTOROLA 
TECHNICAL DATA - MRE450 


MRF450A 


50 W — 30 MHz 
RFPOWER 
TRANSISTORS | 


NPN SILICON | 


The RF Line 


_ NPN SILICON RF POWER TRANSISTORS 


. . designed for power amplifier applications in industrial, com- 
mercial and amateur radio equipment to 30 MHz. 


® Specified 12.5 Volt, 30 MHz Characteristics — 
Output Power = 50 Watts 
Minimum Gain = 11 dB 

Efficiency = 50% 


MAXIMUM RATINGS 


Collector-Base Voltage Vcpo. {| 40 | Vde 
Collector Current — Continuous Adc 
Total Device Dissipation @ Tc = 25°C Watts 
- Derate above 25°C w/°c 


Storage Temperature Range — 65 to +150 aa 


NOTES: 
1, DIMENSIONING AND TOLERANCING PER 
ANS! Y14.5M, 1982. 
2. CONTROLLING DIMENSION: INCH. 


STYLE 1: 
PIN 1. EMITTER : 7.13 
2. BASE ' 5.96 

3, EMITTER 
4. COLLECTOR 


°C/W 
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CASE 211-07 
MRF450 


FIGURE 1 — 30 MHz TEST CIRCUIT SCHEMATIC 


ae 
C5 T ¢ C6 C7 Be a C8 13.6 Vde 
L3 . 


1. DIMENSIONING AND TOLERANCING PER ANSI 
- Y14.5M, 1982. 


C1 — 14-150 pF, ARCO 424 
2. CONTROLLING DIMENSION: INCH. 


C2, C3, C4 — 170-780 pF, ARCO 469 

C5,.C8 — ERIE 0.1 uF @ 100 V RED CAPS 

C6 — 1000 pF UNELCO, 350 Vdc 

C7 — 10 uF, 35 Vde 

Ri — 100 0, 2.0 W Carbon 

L1 — 0.15 wH Molded Choke MILLER 

L2 —- FERROXCUBE, VK200-20-4B 

L3— 3 Turns, #14 Bare Tinned Wire, 0.3” (0.79) I.D. x 0.38" (0.97) Long 
L4 — 9 Turns, #20 Enamel Wire, Close Wound on R1 

L5 — FERROXCUBE #56-570-65/3B, 5 Ferrite Beads, on 1” Long #20 Wire 
Input/Output Connectors — Type N 

Board — Glass Teflon Mounted on a 4” x 4” x 2” SEEZAK Box 


Al 


STYLE 1: 
PIN 1. EMITTER 
2. BASE 
3. EMITTER 
4. COLLECTOR 


CASE 145A-09 
MRF450A 


MOTOROLA RF DEVICE DATA 
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MRF450, MRF450A 


| . Characteristic 
~ OFF CHARACTERISTICS 


Collector-E mitter Breakdown Voltage oe a ieee Ge 
(lc = 100 mAdc, !p = 0) 
(1\¢ = 20 mAdc, Vpe = 0) . 

Pee ee ee 
(I¢ = 20 mAdc, IE = 0) 

Emitter-Base Breakdown Voltage . ho eo ee 

(1g = 10 mAdc, Ic = 0) 

ON CHARACTERISTICS | 

DC Current Gain 


(i¢ = 1.0 Adc, Vce = 5.0 Vdc) 
DYNAMIC CHARACTERISTICS 
Output Capacitance 


(Vcp = 15 Vde, Ie = 0, f = 1.0 MHz) 
~ FUNCTIONAL TESTS (Figure 1) 
| Common-Emitter Amplifier Power Gain | 
(Vec = 13.6 Vde, Pout = 50 W, Ic(max) 
Collector Efficiency 7 
(Voc = 13.6 Vdc, Poyt = 50 W, Ic(max) = 6.13 Ade, f = 30 MHz) 


Series Equivalent Input Impedance. Din 1 7756].89 
(Voc = 13.6 Vdc, Poyt = 50 W; f = 30 MHz) 
Series Equivalent Output Impedance Zout | 1747.50 

(Vcc = 13.6 Vdc, Poy = 50 W, f = 30 MHz) | | 


= 6.13 Adc, f = 30 MHz) 


FIGURE 3 — OUTPUT POWER versus SUPPLY VOLTAGE 


Pout, OUTPUT POWER (WATTS) 
Pout, OUTPUT POWER (WATTS) 


8 O05 10 15 #20 25 30 35 40 45 50 ; | 
Pin, INPUT POWER (WATTS) Vg, SUPPLY VOLTAGE (VOLTS) 


MOTOROLA RF DEVICE DATA 
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MOTOROLA 


SEMICONDUCTOR & 
TECHNICAL DATA 


MRF454 


80 Ww _ 30 MHz 
RF POWER. 
TRANSISTOR. 


NPN SILICON 


The RF Line 


NPN SILICON RF POWER TRANSISTOR 


. . . designed for power amplifier applications in industrial, com- 
mercial and amateur radio equipment to 30 MHz. 


@ Specified 12.5 Volt, 30 MHz Characteristics — 


Output Power = 80 Watts 
Minimum Gain = 12 dB. 
Efficiency = 50% 


STYLE 1: 
PIN 1. EMITTER 
2. BASE 
3. EMITTER 
4. COLLECTOR 


MAXIMUM RATINGS 


[| t—C“‘éRatingd— 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


Storage Temperature Range 


THERMAL CHARACTERISTICS 


| Max | Unit 
Thermal Resistance, Junction to Case 


NOTES: 
1. DIMENSIONING AND TOLERANCING PER 
ANSI Y14.5M, 1982. 
2. CONTROLLING DIMENSION: INCH. 
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CASE 211-11 


MOTOROLA RF DEVICE DATA 
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MRF454 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 
Charteris id 
OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(I¢ = 100 mAdc, Ip = 0) 


Emitter-Base Breakdown Voltage 
(Ie = 10 mAdc, Ic = 0) 


DYNAMIC CHARACTERISTICS 
Output Capacitance 
. (Veg = 15 Vde, Ie = 0, f = 1.0 MHz) 
FUNCTIONAL TESTS (Figure 1) 
Common-Emitter Amplifier Power Gain 
(Vcc = 12.5 Vde, Pout = 80 W, f = 30 MHz) 
Collector Efficiency 
(Vcc = 12.5 Vdc, Poyt = 80 W, f = 30 MHz) 
Series Equivalent Input Impedance 
(Vcc = 12.5 Vdc, Pout = 80 W, f = 30 MHz) 
Series Equivalent Output Impedance 
(Vcc = 12.5 Vdc, Pout = 80 W, f = 30 MHz) 
Parallel Equivalent Input Impedance 
(Vcc = 12.5 Vde, Poy = 80 W, f = 30 MHz) 
Parallel Equivalent Output Impedance 
(Vcc = 12.5 Vdc, Poyt = 80 W, f = 30 MHz) 


Input 


C1,C2,C4 ARCO 469 L.1 3 Turns, #18 AWG, 5/16” !1.D., 5/16” Long 
C3 ARCO 466 L2 VK200 — 20/4B, FERROXCUBE 
cs 1000 pF, UNELCO L3 12 Turns, #18 AWG Enameled Wire, 1/4” 1.D., 
C6,C7 0.1 p4F Disk Ceramic Close Wound 
C8 1000 uF/15 V Electrolytic L4 3 Turns 1/8’ O.D. Copper Tubing, 3/8” i.D., 
R1 10 Ohm /1 Watt, Carbon 3/4” Long 
LS 7 FERRITE Beads, FERROXCUBE #56-590-65/3B 


FIGURE 2 — OUTPUT POWER versus 
INPUT POWER 


FIGURE 3 — OUTPUT POWER versus 
SUPPLY VOLTAGE 


Pout, OUTPUT POWER (WATTS) 


5.0 
Pin, INPUT POWER (WATTS) 


Vcc, SUPPLY VOLTAGE (VOLTS) 
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MOTOROLA 
aa SEMICONDUCTOR ayy | 7 
TECHNICAL DATA | MRF455 


MRF455A 


| The RF Line 


60 W — 30 MHz 


RF POWER 
TRANSISTORS 


NPN SILICON RF POWER TRANSISTORS | NPN SILICON 


. . designed for power amplifier applications in industrial, com- 
mercial and amateur radio equipment to 30 MHz. 


@ Specified 12.5 Volt, 30 MHz Characteristics — 
Output Power = 60 Watts 
Minimum Gain = 13 dB 
Efficiency = 55% 


NOTES: 
1. DIMENSIONING AND TOLERANCING PER 
ANSI Y14.5M, 1982. 
2, CONTROLLING DIMENSION: INCH. 


Symbol 


Collector-E mitter Voltage VCEO STYLE 1: 


PIN 1, EMITTER 
2, BASE 
3, EMITTER 
4,COLLECTOR — 


Total Device Dissipation @ Tc = 25°C CASE 211-07 
Derate above 25°C 
MRF455 
Storage Temperature Range 


THERMAL CHARACTERISTICS 


Thermal ‘Resistance, Junction to Case 


MATCHING PROCEDURE 


In the push-pull circuit configuration it is preferred that 
the transistors are used as matched pairs to obtain optimum — _ DMMENSIONING AND TOLERANOING PER ANE 
performance. 2 CONTROLIG DIMENSION: INCH. 

The matching procedure used by Motorola consists of a es 
measuring hfe at the data sheet conditions and color cod- il pm Ma | Mat Mint MAK 
ing the device to predetermined hfe ranges within the | oo [ase {ose too | 
normal he¢ limits. A color dot is added to the marking on ee pt Ee ef Ot 0288 | 
top of the cap. Any two devices with the same color dot | pai Fic ee 07 


| a 
can be paired together to form a matched set of units. nee i aR 


ret — | wl — | 0060 | 

. para rao ons [oor | 

CASE 145A-09 SE eee Lo 
uaa 335 | 009s | 0.132 | 
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MRF455, MRF455A 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) ae 


a 


OFF CHARACTERISTICS | 


~ (Ig = 50 mAdc, Vge = 0) 
ON CHARACTERISTICS | 


Collector-Emitter Breakdown Voltage V(BR)CEO Vde 
(I¢ = 100 mAdc, fg = 0) | 
Collector-Emitter Breakdown Voltage V(BR)CES Poe ee ee 
Emitter-Base Breakdown Voltage 
(Ie = 10 mAde, Ic = 0) 
DC Current Gain hee 
(I¢ = 5.0 Adc, Vcg = 5.0 Vdc) 
DYNAMIC CHARACTERISTICS 


Output Capacitance 


(Vcg = 12.5 Vdc, Ie = 0, f = 1.0 MHz) 
FUNCTIONAL TESTS (Figure 1) 
Common-Emitter Amplifier Power Gain 

. (Vec = 12.5 Vdc, Poyt = 60 W, f = 30 MHz) 
Collector Efficiency 
(Vcc = 12.5 Vdc, Pout = 60 W, f = 30 MHz) 


Series Equivalent Input Impedance i 
(Vcc = 12.5 Vdc, Pout = 60 W, f = 30 MHz) 

Series Equivalent Output Impedance 
(Vcc = 12.5 Vde, Poyt = 60 W, f = 30 MHz) 

Parallel Equivalent Input Impedance | 


(Voc = 12.5 Vde, Poyt = 60 W, f = 30 MHz) 


Parallel Equivalent Output Impedance 
(Voc = 12.5 Vdc, Poyt = 60 W, f = 30 MHz) 


RFE 
Input 
C1,C2,C4 ARCO 469 L1 3 Turns, #18 AWG, 5/16” 1.D., 5/16" Long 
C3 ARCO 466 L2 VK200 — 20/4B, FERROXCUBE 
C5 1000 pF, UNELCO L3 12 Turns, #18 AWG Enameled Wire, 1/4’ 1.D., 
C6,C7 0.1 uF Disk Ceramic Close Wound 
- C8 1000 nF/15 V Electrolytic L4 3 Turns 1/8’' O.D. Copper Tubing, 3/8” |.D., 
R1 10 Ohm /1 Watt, Carbon 3/4 Long 
L5 7 FERRITE Beads, FERROXCUBE #56-590-65/3B 
FIGURE 2 — GUTPUT POWER versus INPUT POWER FIGURE 3 — OUTPUT POWER versus SUPPLY VOLTAGE 


Pout, OUTPUT POWER (WATTS) 
- Pout, POWER OUTPUT (WATTS) 


Pin, INPUT POWER (WATTS) Vcc, SUPPLY VOLTAGE (VOLTS) 
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MOTOROLA | 
m= SEMICONDUCTOR 
TECHNICAL DATA | | 


_ MRF458 


80 W—30 MHz 


RFE POWER 
TRANSISTOR | 


NPN SILICON RF POWER Leiter de NPN SILICON 


... designed for power amplifier applications in industrial, 
commerical and amateur radio equipment to 30 MHz. 


@ Specified 12.5 Volt, 30 MHz Characteristics — 


Output Power = 80 Watts — 
Minimum Gain = 12dB 
Efficiency = 50% 


® Capable of Withstanding 30:1 Load VSWR @ Rated Pout and Vcc 


STYLE 1: 
PIN 1. EMITTER 
2. BASE 
3, EMITTER 


; : | 4. COLLECTOR 
MAXIMUM RATINGS | 


NOTES: © 
1. DIMENSIONING AND TOLERANCING PER 
ANSI! Y14.5M, 1982. 
2, CONTROLLING DIMENSION: INCH. 


MATCHING PROCEDURE 


In the push-pull circuit configuration, it is preferred that the 
transistors are used as matched pairs to obtain optimum performance. 
The matching procedure used by Motorola consists of measuring 
hFE at the data sheet conditions and color coding the device to aes = 
predetermined hfe ranges within the normal hfFE limits. A color dot ra | 293 | 3301 0.115 
is added to the marking on top of the cap. Any two devices with ae | At 85 6471 0246 | 0.266 | 
same color dot can be paired together to form a matched set of units. 


CASE 211-11 


MOTOROLA RF DEVICE DATA 
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MRF458 


ELECTRICAL CHARACTERISTICS (T¢ = 25°C unless otherwise noted) 


Collector-Base Breakdown Voltage V(BR)CBO - 36 Vde 
~ (Ie = 50 mAdc, le =0) . . 


DC Current Gain 
(Ic = 5.0 Adc, VcE =5.0 Vdc) 


OFF CHARACTERISTICS | 


. .Collector-Emitter Breakdown Voltage _ 
(I¢ = 100 mAdc, Ip = 0) 


Emitter-Base Breakdown Voltage 
(IE =10 mAdec, Ic = 0) 


ON CHARACTERISTICS 


DYNAMIC CHARACTERISTICS 


Output Capacitance 
(Vcp = 15 Vde, Ie = 0, f = 1.0 MHz) 


FUNCTIONAL TESTS (Figure 1) 


Common-Emitter Amplifier Power Gain 
(Voc = 12.5 Vde, Pout = 80 W, f = 30 MHz) 


Collector Efficiency 


(Voc = 12.5 Vdc, Poyt = 80 W, f = 30 MHz) 
Intermodulation Distortion 
(Vec = 12.5 Vde, Pout = 70 W PEP, f = 30, 30.001 MHz 


V(BR)CEO 


FIGURE 1 — 30 MHz TEST CIRCUIT SCHEMATIC 


CR1 C5 C6 


C1,C2,C4 — ARCO 469 
C3 — ARCO 466 
C5 — ERIE 0.1 uF, 100 V 
C6 — 500 uF, 15 V Electrolytic 
C7 — 1000 pF, UNELCO 
C8,C9 — 0.1 UF Disk Ceramic 
C10 — 100 uF, 18 V Electrolytic 
CR1 — 1N4997 

_ R1— 10 Q, 25 Watt Wirewound 

 R2—10 Ohm, 1 Watt, Carbon 


L6 
IAA 4 - 


C7 aii gn C8 c9 Ag T C10 = ~=—- 12.5 Vde 


L5 = Be oa 
DUT _——? SS i 
| Output 
C4 x 
pei ies C3 
Pe 
| | a 


L1—3 Turns #18 AWG, 5/16” 1.D., 
5/16’’ Long 

L2,L5 — VK200 — 20/48, FERROXCUBE 

L3 — 12 Turns, #18 AWG Enameled Wire, 
1/4” |.D., Close Wound 

L4 — 3 Turns 1/8’. O.D. Copper Tubing, 
3/8” 1.D., 3/4” Long 

L6 — 7 FERRITE Beads, FERROXCUBE | 
#56-590-65/3B 


*NOTE: For Class C operation bias network (R7, R2, CR1, C5, C6, L5) is not used. 


For Class AB operation L2 is not used. 
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MRF458 


Gpe, POWER GAIN (dB) _ 


30 


nN 
or 


NO 
[ow] 


15 


5.0 


TYPICAL PERFORMANCE CURVES tw 


FIGURE 2 — POWER GAIN versus FREQUENCY 


lea = 100 mA 


Seee 
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a 

Pca 
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es 


6.0 
f, FREQUENCY (MHz) © 


(a eae a a ee 
Bias 
: | 15 0 , 


FIGURE 3 — OUTPUT RESISTANCE versus FREQUENCY 


sh NO 


OUTPUT RESISTANCE (OHMS) 


Iog = 100 mA 


~ Rout PARALLEL EQUIVALENT 


0.5 


5.0 7.0 10 
f, FREQUENCY (MHz) 


FIGURE 4 — OUTPUT CAPACITANCE versus FREQUENCY 


Cout- PARALLEL EQUIVALENT 
OUTPUT CAPACITANCE (pF) 


_Vec=125V | 
Icq = 100 mA 
Pout = 70 W PEP 


7.0 


f, FREQUENCY (MHz) 


FIGURE 5 — SERIES EQUIVALENT INPUT-OUTPUT IMPEDANCE 
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MOTOROLA 
TECHNICAL DATA ae  MRF460— 


The RF Line | | 
ae | 40 W (PEP) — 30 MHz 


RF POWER 
TRANSISTOR 


NPN SILICON RF POWER TRANSISTOR : NPN SILICON 


. . . designed primarily for applications as a high-power linear ampli- 
fier from 2.0 to 30 MHz. 


@ Specified 12.5 Volt, 30 MHz Characteristics — 
Output Power=40W (PEP) = —— 
Minimum Gain = 12 dB 
Efficiency = 40% 


® intermodulation Distortion at Rated Power Output — 
IMD = -30 dB (Max) a 


© lsothermal-Resistor Design Results in Rugged Device 


@® Replacement for 2N6368 


STYLE 1: 
PIN 1. EMITTER 
2. BASE 
3. EMITTER 
4. COLLECTOR 


MAXIMUM RATINGS 


1. DIMENSIONING AND TOLERANCING PER 
ANSI Y14.5M, 1982. 
2. CONTROLLING DIMENSION: INCH. 


Total Device Dissipation @ Tc = 25°C . 
Derate above 25°C _ : : 


CASE 211-11 


MOTOROLA RF DEVICE DATA 
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MRF460 


ee ee SHAROCTERISTICS Te 25°C unless otherwise noted) 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(I¢ = 100 mAdc, Ip = 0) 


~ Collector-E mitter Breakdown Voltage 
(I¢ = 100 mAdc, Vge = 0) 
Emitter-Base Breakdown Voltage 
(ig = 5.0 mAdc, Ig =.0) 


Collector Cutoff Current 
(VCE = 12.5 Vdc, Vge = 0, Tc= +55°C). 


Se 
Seal OP BP SDP 
Sic) PS 


ON CHARACTERISTICS. 


DC Current Gain 
{ig = 1.0 Ade, Vcg = 5.0 Vdc) 
DYNAMIC CHARACTERISTICS 
- Output Capacitance __ 
(Vp = 12.5 Vde, le = 0, f= 1.0 MHz). 
FUNCTIONAL TEST 


Common-Emitter Amplifier Power Gain (Figure 1). 
(Pout = 40 W (PEP), tc = 4.7 Ade Max, Voc = 12.5 Vdc, 
IcQ = 50 mAdc, fy = 30 MHz, fo = 30.001 MHz) 


intermodulation Distortion Ratio (Figure 1) 
(Pout = 40 W (PEP), ic = 4.7 Adc Max, Vcc = 12.5 Vde, 
icq = 50 mAdc, fy = 30 MHz, f2 = 30.001 MHz) 


Collector Efficiency (Figure 1) — 
(Pout = 40 W (PEP), Ic = 4.7 Adc Max, Vcc = 12.5 Vdc, 
ICQ = 50 mAdc, fy = 30 MHz, fp = 30.001 MHz) - - 


*Indicates JEDEC Registered Data. 


FIGURE 1 — 30 MHz TEST CIRCUIT 


VBB 
15 . 
Vcc 
. : . + a 
1N4719 C5 cB C7 c8 
« of TT 
. , DUT om RF: 
Ly (\- ed * OUTPUT 
RF oO 18 4 
ieut 7 | \ Rey c3 L3 
c2 eo a | a a a — 
“i 
= = l C1. 80-480 pF ARCO 466 
| C2,C3,C4 170-780 pF ARCO 469 
| | C5.C8 0.01 uF 
| RI | C6 500uF 
| C7 1000 pF UNELCO | 
L J L1 21/4 Turns #18 AWG, 1/4” 1.D., 1/4” Long (35 nH) 


L2 7 Turns, #20 AWG Enameled, Close Wound, 1/4” 1.D., (0.2 wH) 
= L3 3 Turns, #14 AWG, 1/4" 1.0., 1/4” Long (45 nH) — 

L410 wH RFC 

L5——- RF Choke Ferroxcube VK200-20-48 

R1 10 Ohms, Wirewound, 1 W (0.25 wH Inductance) 
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FIGURE 2 — OUTPUT POWER versus INPUT POWER 


FIGURE 3 — POWER GAIN versus FREQUENCY 
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FIGURE 4 — INTERMODULATION DISTORTION versus 


OUTPUT POWER 
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FIGURE 7 — OUTPUT CAPACITANCE 


FIGURE 6 — OUTPUT RESISTANCE 
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FIGURE 8 — DC SAFE OPERATING AREA 


Ic, COLLECTOR CURRENT (AMP) 


10 14 
Veg, COLLECTOR-EMITTER VOLTAGE (VOLTS) 


MATCHING PROCEDURE 


In the push-pull circuit: configuration two device parameters 
are critical for optimum circuit performance. These parameters 
are VBE(on) and hee. Both parameters can be guaranteed by 
measuring IcQ of the devices and selecting pairs with a Alcg < 10 
mAdc. 


Actual IcqQ matching is performed in the MRF460 test circuit 
with a VcE equal to 28 Volts. The base bias supply is adjusted to 
set Icq equal to 40 mAdc using a reference standard MRF 460. 
The production MRF460s are tested and categorized in ranges 
of 10 mAdc. Finally, the devices are stocked as pairs with a guar- 
anteed Alcg. < 10 mAdc. 


FIGURE 9 — SERIES EQU IVALENT IMPEDANCE 
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APPLICATIONS INFORMATION 


The MRF460 transistor is designed for linear power amplifier 

_ Operation:in the HF region (2 to 30 MHz). It features guaranteed 

‘linear amplifier performance rather than the conventional perform- 
ance demonstrated in a class C* amplifier. : 

. Class C operation is inherently non-linear, but in many power 
amplifier applications non-linear operation does not present major 
problems. With a single frequency driving signal, the only spurious 
-signals generated are harmonics and these can be supressed in the 
amplifier tuned networks and output filter. — 2 Mins 

For single sideband (SSB), low level amplitude modulation (AM), 
and other types of complex signals, class C operation is generally 
not satisfactory. For instance, when.a signal contains multiple 
frequencies at close spacings, odd-order non-linearities will gener- 
ate spurious outputs which are within the. passband of the tuned 
circuits and filters; therefore, the spurious outputs are not sup- 
pressed before they reach the antenna or other load. Asa result, 


*“Class C’’, as used here refers to operation with the no signal con- 
ditions Ic = 0, and Vg_e = 0, and a theoretical conduction angle 
of less than 180°, even though the actual conduction angle may 
be more than 180°. 


such complex signals require linear amplification if the amplified 
signal is to be free of spurious outputs. — . 

A detailed analysis of spurious signals generated by non-linear- 
ities and linearity requirements of various applications is described 
in Chapter 12 of Reference 1. - . 

The following discussion concerns itself with a detailed descrip- 
tion of the MRF460 characterization curves and general informa- 
tion on solid-state linear power amplifier design. 


The Two-Tone Test | 


The MRF460 functional test specifications consist of a linear 
power amplifier test with guaranteed limits on power output, gain, 
efficiency, and intermodulation distortion (IMD) output levels. “A 
two-tone test signal is used with the test amplifier as shown in 
Figure 1. Pa 

The two-tone test is one of many methods commonly used for — 


" testing linear amplifier performance. This test involves driving the 


amplifier with two RF signals, of equal amplitude, separated in 
frequency from each other by approximately 1 kHz. 


MOTOROLA RF DEVICE DATA 


2-651 


MRF460 


APPLICATIONS INFORMATION (continued) 


When a two-tone test signal consisting of frequencies f4 and f9 
is passed through a non-linear amplifier, odd order non-linearities 
generate spurious signals near the desired carrier. The level of these 
spurious signals provides a measure of the degree of non-linearity 
of the amplifier. This type of non-linearity is called intermodulation 
distortion (IMD). The spurious signals generated by IMD are fur- 
ther classified according to the exponential order of the amplifier 
non-linearity, i.e., 3rd order IMD products, 5th order IMD products, 
etc. The 3rd and 5th order IMD products are usually the most 
significant encountered with linear power amplifiers. Data on both 
3rd and 5th order IMD are included in the MRF460 characteri- 
zation. 

Third order {MD generates spurious signals near the operating 
frequency at frequencies 2f4 — fo and 2f2 — f4; and Sth order IMD 
spurious are at frequencies 3f4 — 2f9 and 3f2 — 2f}. 


Specifications and Characterization 


The two-tone functional amplifier test is performed in a manner 
identical to the conventional class C functional test with two excep- 
tions: a two-frequency signal is used in place of a single frequency, 
and amplifier linearity is added to the items tested and specified. 

The functional test procedure for the MRF460 requires driving 
the test amplifier with a two-frequency signal and measuring power 
output, gain, efficiency, and linearity. 

Power output, gain and efficiency measurement methods are 
the same for both linear and class C amplifier. 

Since a multiple frequency test signal has an instantaneous 
power level which varies with time, power levels are normally ex- 
pressed in peak envelope power (PEP). This is the average power 
ievel of the envelope at its greatest amplitude point. 

When the test signal consists of multiple signals with equal 
amplitudes and different frequencies, the relationship of average 
power and PEP is given by the following expression: 


PEP 
Average power = Te 


where N = the number of input frequencies. 

Therefore, when measuring the power level of a standard two- 
tone test signal, a true average reading power meter will indicate 
1/2 the PEP of the signal. 

Linearity is tested by measuring the amplitudes of the 3rd and 
5th order IMD products. The ratio of one of the 3rd order products 
to one of the two desired frequencies is then expressed as a power 
ratio in decibels (dB). This is repeated for the 5th order products. 


The smaller of these two ratios (usually the 3rd order) is then | 


included in the electrical characteristics specifications as intermod- 
ulation distortion ratio (IMD). 


MRF460 Performance Curves 

Figures 2 and 3 show typical power output and gain charac- 
teristics versus frequency and/or input power. These curves are 
similar to those found on other RF power transistor data sheets 
with one exception, a two-frequency test signal was used rather 
than a single frequency. signal. 

The curves shown in Figure 4 are unique to transistors charac- 
terized for linear power amplifier service and show the typical 
IMD levels versus power output. 

The MRF460 features guaranteed IMD performance at the -30 
dB level. However, the designer may desire IMD greater or less 
than -30 dB for a particular application. Figure 4 provides data 
on IMD tevels that can be expected as a function of output power, 


REFERENCES 


Figure 5 reflects the power output that can be obtained at a 
fixed IMD ratio for operation with de supply voltages other than 
12.5 Vdc. 

Figures 6 and 7 show the large signal impedance character- 
istics of the MRF460. These are similar to curves shown on 
other Motorola data sheets except a two-frequency test signal was 
used rather than a single frequency signal. 


It must be stressed that the data shown in Figures 6 and 7 
do not represent y, z, h, s, or any standard two-port parameter set. 
The actual transistor impedance levels during normal operation in 
a power amplifier are given. For a detailed discussion of RF power 
transistor large signal impedance, see Reference 2. 


Linear Amplifier Design 

The following is a discussion of some general design considera- 
tions for solid-state linear power amplifiers. While this is not a 
detailed analysis of linear amplifier design, some general guidelines 
are provided. 

The major difference between linear power amplifiers and class 
C power amplifiers is in the dc bias circuitry. As stated in the 
introduction, class C operation usually involves acollector de supply 
as the only bias voltage with VE = Vg = 0. The collector current 
is zero until the input RF signal turns the transistor ‘‘on 

In contrast, alinear amplifier is normally operated with forward 
bias and some collector current flowing when no signal is present. 

The magnitude of no-signal collector current and the bias cir- 
cuitry may vary with the application. Optimum no-signal collector 
current for the MRF460 was found to be approximately 50 mA. 

The key to bias circuitry for good linearity ties in maintaining 
the base-emitter dc voltage relatively constant.as the RF. signal 
amplitude varies. The inherent nature of a forward-biased RF 
power transistor is to bias itself ‘‘off’’ with increasing RF drive 
signal. Therefore, a constant voltage source is required for base 
voltage. : 


Temperature effects also complicate the situation, since VpE 
decreases with increasing temperature. 

A simple solution to the bias problem involves the use of a 
forward-biased diode mounted on the transistor heat sink for ther- 
mal coupling to the transistor. A sample-of this technique is shown 
in the test circuit of Figure 1. The reader is referred to reference 
3 for a detailed description of the operation of this bias circuit. 
It is also possible to use complex active circuitry for biasing, and 
some rather exotic schemes have been developed to provide the 
same results. 


Another important consideration is the collector-output net- 
work. Normally, a network with low impedance to ground for 
harmonics provides better linearity than a network with high har- 
monic impedances; therefore, some experimentation with network 
configuration is in order. Proper impedance matching remains the 
primary factor in both input and output network design. Further, 
it must also be stressed that the collector load impedance should 
be designed for the PEP, not the average power output. See Chapter 
13 of Reference 1 for a detailed discussion of network design con- 
siderations. 

Feedback may also be employed to improve linearity and may 
take the form of either neutralization or negative RF feedback. 
The possibilities here are limited only by the designer's imagina- 
tion. Of course, negative RF feedback involves a decrease in gain 
to improve linearity. 


1. Pappenfus, Bruene, Schoenike, ‘‘Single Sideband Principles and 


Circuits’, McGraw-Hill. 


2. Hejhall, “Systemizing RF Power Amplifier Design” 


, Motorola 


Semiconductor Products Inc., Application Note AN-282A. 


3. Hejhall, “Solid-State Linear Power Amplifier Design,’’ Motorola 
Semiconductor Products !nc., Application Note AN-546. 
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MOTOROLA 


= SEMICONDUCTOR Vy 


TECHNICAL DATA | ; 


| The RF Line oO 


NPN SILICON RF POWER TRANSISTORS 


... designed primarily for applications as a high-power linear amplifier 
from 2.0 to 30 MHz, in single sideband mobile, marine and base station 
equipment. 


@ Specified 28 Volt, 30 MHz Characteristics — 
Output Power = 80 W (PEP) 
. Minimum Gain = 15 dB 
Efficiency = 40% 
Intermodulation Distortion = ~32 dB (Max) 


MAXIMUM RATINGS 


eee eee a a Se 
[coterie Vote | Ven 
[Site Volings | Veso | «0 | var 
Gator Gare =Goviinme | te | 10 

Total Device Dissipation @ Tc = 25°C i a Watts 
|  Derate above 25°C © . 1.4 w/c 


Storage Temperature Range 


THERMAL CHARACTERISTICS 


Thermal Resistance, Junction to Case ReJc 
asa | Po 


(1) Case 145A-10 — For Repeated Assembly Use 11 In. Lb. 


MATCHING PROCEDURE 


In the push-pull circuit configuration it is preferred that 
the transistors are used as matched pairs to obtain optimum 
performance. 

The matching procedure used by Motorola consists of 
measuring hFE at the data sheet conditions and color cod- 


ing the device to predetermined hfe ranges within the 
normal hfE limits. A color dot is added to the marking on 
top of the cap. Any two devices with the same color dot 
can be paired together to form a matched set of units. 
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MRF464 


MRF464A 


80 W (PEP) — 30 MHz 
RF POWER 
TRANSISTORS 
NPN SILICON © 


1. DIMENSIONING AND TOLERANCING PER 
ANSI Y14.5M, 1982. 
2, CONTROLLING DIMENSION: INCH. 


PIN 1. EMITTER 
2, BASE 
3, EMITTER 
4. COLLECTOR 


CASE 211-11 
MRF464 


1. DIMENSIONING AND TOLERANCING 
PER ANSI Y14.5M, 1982. 
2, CONTROLLING DIMENSION: INCH. 


ial MILLIMETERS | INCHES __| 
| MIN, | MAX | 


STYLE 1: 
PIN 1. EMITTER 
2, BASE 
3. EMITTER 
4, COLLECTOR 


CASE 145A-10 
MRF464A 


MRF464, MRF464A 


ELECTRICAL CHARACTERISTICS (Tc: = 25°C unless otherwise noted) 


Pewee ee Pe |e 


OFF CHARACTERISTICS 
Collector-Emitter Breakdown Voitage i V(BR)CEO 35 
(Ic = 100 mAdc, Ig = 0) 
Collector-Emitter Breakdown Voltage V(BR)CES 
(Ic = 100 mAdc, Vee = 0) 


Collector Cutoff Current 
(VcE = 28 Vdc, Vee = 0, Tc = +55°C) 


Emitter-Base Breakdown Voltage V(BR)EBO 
(te = 1.0 mAdc, Ic = 0) . 


ON CHARACTERISTICS 


DYNAMIC CHARACTERISTICS ; 


Output Capacitance 
(Vcpg = 28 Vdc, Ig = 0, f = 1.0 MHz) 


FUNCTIONAL TEST 


Common-Emitter Amplifier Power Gain (Figure 1) 
(Pout = 80 W (PEP), Ic = 3.6 Adc (Max), Vcc = 28 Vde, 
fy = 30 MHz, fz = 30.001 MHz) 


| intermodulation Distortion Ratio (Figure 1) 
(Pout = 80 W (PEP), Ic = 3.6 Adc (Max), Voc = 28 Vde, 
fy = 30 MHz, fz = 30.001 MHz) 


Collector Efficiency 
(Pout = 80 W (PEP), Ic = 3.6 Adc (Max), Voc = 28 Vde, 
fy = 30 MHz, fz = 30.001 MHz) 


FIGURE 1—30 MHz TEST CIRCUIT 
RF BEADS 


2000 pF 28 Vde 


0.1 uF Oy, 


1N248B 0.01 uF BUTTON 0.01 uF 25 uF 
RL =50 2 
Ce» 


ARCO 466 
(80-480 pF) 


ARCO 469 
(170-780 pF) 


RFC: 20 TURNS #12 AWG ENAMELED WIRE CLOSE WOUND IN 2 LAYERS, 1/4””1.D. Vee adjusted for icq: 40 mAdc (I¢Q = Quiescent 
T1: 20 TURNS #24 AWG WIRE WOUND ON MICRO-METALS T37-7 TOROID Collector Current) 
CORE CENTER TAPPED. 
T2: 1:9 XFMR; 6 TURNS OF 2 TWISTED PAIRS OF #28 AWG ENAMELED WIRE. C1 — 170-180 pF ARCO 469 or Equiv. 
(8 CRESTS PER INCH) BIFILAR WOUND ON EACH OF 2 SEPARATE BALUN CORES. 
(Stackpole #57-1503, No. 14 Material) Interconnected as shown C2 — 330 pF 
RF BEADS: FERROXCUBE #56-590-65/3B 
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MRF464, MRF464A 


FIGURE 2 — OUTPUT POWER versus INPUT POWER FIGURE 3 — POWER GAIN versus FREQUENCY | 
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Gpe, POWER GAIN (dB) 
INO 
So 


Vcc = 28 Vde 
Ico =40 mA 
Pout = 80 W PEP 


Pout, OUTPUT POWER (WATTS) 


0 
0 02 04 06 08 10 12 14 16 18 20 22 24 26 28 15 50 7.0 15 20 30 
| Pin, INPUT POWER (WATTS) f, FREQUENCY carey | 


FIGURE 5 — INTERMODULATION DISTORTION versus 
FIGURE 4 — OUTPUT POWER versus SUPPLY VOLTAGE — OUTPUT POWER 


Vec = 28 Vde 
"co, =40mA 


= 30, 30.001 MHz 


Pout, OUTPUT POWER (WATTS PEP) 
IMD, INTERMODULATION DISTORTION (dB) 
1 1 i 


0 20 100 120 140 
Vcc, SUPPLY VOLTAGE (VOLTS) ae site; Siwiee wane PEP) 


FIGURE 6 — OUTPUT CAPACITANCE versus FREQUENCY _ FIGURE 7 — OUTPUT RESISTANCE versus FREQUENCY | 
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MRF464, MRF464A 


FIGURE 8 — DC SAFE OPERATING AREA 
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FIGURE 9 — SERIES INPUT IMPEDANCE 
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MOTOROLA 
SEMICONDUCTOR & 
TECHNICAL DATA “ 


7 MRF466, 


The RF Line 
| | -40W(PEP) 30MHz 
RF POWER 
TRANSISTOR 


NPN SILICON 


NPN SILICON RF POWER TRANSISTOR 


... designed primarily for applications as a high-power amplifier 
from 2.0 to 30 Mkz, in single sideband mobile, marine and base 
station equipment. - wee 


@ Specified 28 V, 30 MHz Characteristics — 
Output Power = 40 W PEP or CW 
~ Minimum Gain = 15 dB 
Efficiency = 40% . 
Intermodulation Distortion d3 = -30 dB Max 


@ Guaranteed Ruggedness 
@ 2N5941 Replacement 


MAXIMUM RATINGS 


STYLE 1: 
PIN 1. EMITTER 
2. BASE 
3, EMITTER 
4, COLLECTOR 


Total Device Dissipation @ Tc = 25°C (1) 
| Derate above 25°C 


THERMAL CHARACTERISTICS 


Symbot_[ Mex [Une 
Thermai Resistance, Junction to Case (2) | Rec | 40 [ecw 


(1) This device is designed for RF operation. The total device dissipation rating applies — 
only when the device is operated as an RF amplifier. 
(2) Thermal Resistance is determined under specified RF operating conditions by infrared 


measurement techniques: 
; NOTES: 


1. DIMENSIONING AND TOLERANCING PER 
ANSI Y14.5M, 1982. 
2. CONTROLLING DIMENSION: INCH. 


MILLIMETERS | INCHES 
MIN | MAX | MIN | MAX 
25.14 | 0.960 | 0.990 
[9.90 19370 | 0.390 
2 | 7.13 | 0.229 | 0.281 
5.47 | 5.96 | 0.215 | 0.235 
2.16 | 266 | 0.085 | 0.105 
0.004 
0.395 
| 40° | so | 40° | 
| @ | 288 | 3.30 | 0.113 | 0.130 
| 623 [647 | 0.245 
20.07 


MATCHING PROCEDURE 


In the push-pull circuit configuration it is preferred that 
the transistors are used as matched pairs to obtain optimum 
performance. 

The matching procedure used by Motorola consists of measuring 
hfe at the data sheet conditions and color coding the device to 
predetermined heg ranges within the normal he¢ limits. Acolor dot 
is added to the marking on top of the cap. Any two devices with the 
same color dot can be paired together to form a matched set of units. 


20.57 | 0.790 


CASE 211-07 
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MRF466 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 


Characteristic 


OFF CHARACTERISTICS | 


Collector-Emitter Breakdown Voltage 
(Ic = 100 mAdc, Ip = 0) 


Collector-Emitter Breakdown Voltage 
(I¢ = 100 mAdc, VBE = 0) 


Emitter-Base Breakdown Voltage 
(Ig= 1.0 mADC, Ic=0) 


Collector Cutoff Current 
(Vcg = 28 Vde, Vee = 0) 


ON CHARACTERISTICS 
DC CurrentGain | 


(ig = 0.5 Adc, Veg = 5.0 Vdc) 
DYNAMIC CHARACTERISTICS 


Output Capacitance 
(Vcp = 28 Vdc, Ig = 0, f= 1.0 MHz) 


FUNCTIONALTESTS 


Common-Emitter Amplifier Power Gain 
(Vcc = 28 Vde, Pout = 40 W (PEP), f1 = 30 MHz, 
f2 = 30.001 MHz, Ica= 20 mA) . 


Collector Efficiency — 
(Vcc = 28 Vdc, Pout = 40 W (PEP), f1 = 30 MHz 
f2 = 30.001 MHz, Icq = 20 tile 


intermodulation Distortion ( 1). 
(Vcc = 28 Vde, Pout = 40 W (PEP), f1 = 30 MHz, 
f2= 30. 001. Mhz, 'ca= ze an a 


‘Load Mismatch i 
(Vec= 28 Vdc, Pout = 40 W (PEP), f= 30 MHz, 
VSWR = 30:1 All Angles) _ 


(1) To MIL- STD- 131 1 Version A, Test Method 22048, Two Tone, Reference Each Tone. 


_ FIGURE 1 — 30 MHz TEST CIRCUIT. 


No Degradation in Poutput Power 


RF Beads 
VBB 
| — LRA _! + 
500 uF 1N248B 7% 0.01 uF 2000 pF 0.01 uF 25 pF — 28 Ve 
7 |e Button > 
10nH ¢ AFC : | : A= 500° 
ok RFC a ! PN. | 
ARCO 466 0.1 pF Oy, 
(80-480 pF) 
| ay DUT 
11 


RFC: 20 Turns #18 AWG Enameled Wire Close Wound in 2 Layers, 
1/47 1.D. 
T1: 20 Turns #24 AWG Wire Wound on Micro Metals T37-7 
Toroid Core Center Tapped. 
T2: 1:9 XFMR: 6 Turns of 2 Twisted Pairs of #28 AWG Enameled 
Wire (8 Crests per inch) Bifilar Wound on each of 2 Separate 


Balun Cores. 
(Stackpole #57-1503 No. 14 Material) interconnected as shown. 


RF BEADS: Ferroxcube #56-590-65/3B8 
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VBB adjusted for log: 20 mAdc (Icg = Quiescent 


Collector Current) 


C1 — 80-480 pF, ARCO 466 or Equiv 
C2 — 220 pF 


-MRF466 


FIGURE 3 — POWER GAIN versus FREQUENCY’ 


FIGURE 2 — OUTPUT POWER versus Lash POWER 
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FIGURE 5 — INTERMODULATION DISTORTION versus 


FIGURE 4 — OUTPUT POWER versus SUPPLY VOLTAGE 
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FIGURE 7 — OUTPUT RESISTANCE versus FREQUENCY 


FIGURE 6 — OUTPUT CAPACITANCE versus FREQUENCY 
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MRF466 


FIGURE 8 — SAFE OPERATING AREA 


ic, COLLECTOR CURRENT (AMP) 


dl 
0.1 0.3 0.5 1.0 3.0 5.0 10 30 100 


Vce, COLLECTOR-EMITTER VOLTAGE (VOLTS) 


FIGURE 9 — SERIES INPUT IMPEDANCE 
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MOTOROLA 


ml SEMICONDUCTOR 


TECHNICAL DATA . 
| -MRF475 


The RF Line — | 
— 12 W (PEP) — 12 W (CW) — 30 MHz 


aN eee | ae | RF POWER 
NPN SILICON RF POWER TRANSISTOR TRANSISTOR 
... designed primarily for use in single sideband linear amplifier 
output applications in citizens band and other communications 
equipment operating to 30 MHz. . aa & ; 
@ Characterized for Single Sideband and Large-Signal Amplifier 
Applications Utilizing Low-Level Modulation 


@ Specified 13.6 V, 30 MHz Characteristics — 
Output Power = 12 W (PEP) ae 
Minimum Efficiency = 40% (SSB) 
Output Power = 4.0 W (CW) | 
Minimum Efficiency = 50% (CW) a 
Minimum Power Gain = 10 dB (PEP & CW) 


@ Common Collector Configuration . 


NPN SILICON. 


MAXIMUM RATINGS 


Rating | Symbol} Value | Unit | 
Collector-Emitter Voltage VCEO 
Collector-Base Voltage VCBO 


Emitter-Base Voltage . . VEBO a eee ee 
Collector Current — Continuous . ca aa ae Adc 


| Total Device Dissipation @ Te = 50°C 
' Derate above 50°C or’. : 
Temperature Range 


isa (ae 


STYLE 1: 
PIN 1, BASE 
2. COLLECTOR 
3. EMITTER 
4, COLLECTOR 


1, DIMENSIONING AND TOLERANCING PER ANSI 
Y14.5M, 1982. 
2. CONTROLLING DIMENSION: INCH. 
3. DIM 2 DEFINES A ZONE WHERE ALL BODY AND 
LEAD IRREGULARITIES ARE ALLOWED. 


MILLIMETERS 
MIN | MAX | MIN 
| A | 1448 | 15.75 | 0.570 | 0.620 | 


O +13.6 Vdc 


| 
“I 
\ 
Q 
@ 
{ 


<RFout 


Adjust for ICQ = 20mMA 


c1,2,6 — 
C3 

Cc4,7 

c8 

R1 

R2 

L1 

L2 


ARCO 466 Trimmer Capacitors 
1000 WF, 3.0 Vdc Electrolytic 
0.1 uF Disc Ceramics 

100 uF, 15 Vde Electrolytic 

10 2, 5.0 Watt Resistor 

10 Q, 1.0 Watt Resistor 

2.2 BH Molded Choke 

4 Turns #18 AWG Wire, 

1/2" 1.D., 5/16'" Long 


10 pH Molded Choke 

15 Turns #20 AWG Wire 

on 5.6 k&2, 

1.0 Watt Carbon Resistor 

5 Ferroxcube, #56-590-65/3B, 
Beads on #18 AWG Wire 
1N4997 
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CASE 221A-04 
TO-220AB 


MRF475 


ELECTRICAL CHARACTERISTICS (T¢ = 25°C unless otherwise noted.) 


[___——~S~SSSaratestic ———SSCSCS~S*~S*SYSCSymibot | in <a: 


OFF CHARACTERISTICS 


Collector- Emitter Breakdown Voltage asia We es Me 
. (ig = 20 mAdc, Ig = 0) . 
a 
{Ic = 50 mAdc, VBE = 0) 
ies 5.0 mAdc, Ic = 0) 
eee ———— 
(Vcp = 25 Vdc, Ie = 0) 
ON CHARACTERISTICS 


DC Current Gain 
(Ig = 500 mAdc, Veg = 5.0 Vdc) 


DYNAMIC CHARACTERISTICS 
Output Capacitance 

(Vcg = 13.6 Vde, Ie = 0, f = 1.0 MHz) 
FUNCTIONAL TESTS (SSB) 


Common-Emitter Amplifier Power Gain 
(Vcc = 13.6 Vdc, *Poyy = 12 W, f1 = 30 MHz, 
#2 = 30.001 MHz, Icq = 20 mA) 


Collector Efficiency 


(Vcc = 13.6 Vdc, *P out = 12W, fl = 

#2 = 30.001 MHz, |cq = 20 mA) 
Intermodulation Distortion 

(Vcc = 13.6 Vde, *Pout = 12 W, fl = 

#2 = 30.001 MHz, Ico = 20 mA) 


FUNCTIONAL TESTS (CW) 


Common-Emitter Amplifier Power Gain 
(Voc = 13.6 Vde, Pout = 4.0 W, f = 30 MHz) 


Collector Efficiency 
(Vcc = 13.6 Vdc, Pout = 4.0 W, f = 30 MHz) 


Percentage Up-Modulation (1) ae 
(4.0 W Carrier) 


IMPEDANCE CHARACTERISTICS 
ee re 
Z 


Series Equivalent Input 


| Series Equivalent Output . cc 7 a ieee our |  — | t-i.2} | nm | 
Parallel Equivalent Input | Zin | -  a09| | 


~f=30 MHz, leg = 20mA 
Zout 


Parallel Equivalent Output | Zour | =f ans] = | in 


*PEP 
(1) Percentage Up-Modulation is measured in the test circuit (Figure 1) by setting the Carrier Power (P,) to 4.0 Watts with Vcc = 13.6 Vde and 
noting the power input. Then the Peak Envelope Power (PEP) is noted after doubling the original power input to simulate driver modulation. 


PEP 
Percentage Up-Modulation = | {| —— - 1} e100 
‘ Po é 
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FIGURE 3 — INTERMODULATION DISTORTION... © 
FIGURE 2 — OUTPUT POWER versus INPUT POWER versus OUTPUT POWER 


Vec = 13.6 Vde ; 
Ica = 20: mA 
. fa 30, 30.001 MHz 


LTS 3rd Order eee 


Pout, OUTPUT POWER (WATTS) 
IMD, INTERMODULATION DISTORTION (dB) 
t t t . ' : 7 £8 1 


Pin, INPUT POWER (WATTS) _ Pout, OUTPUT POWER (WATTS PEP) 


FIGURE 4 — OUTPUT POWER versus SUPPLY VOLTAGE FIGURE 5 — OUTPUT CAPACITANCE versus s FREQUENCY 


Vog = 138 Vide 

ro ie cot — 
Rea oto 
El ER 
— Str 


o = 20mA 
f = 30,30.001 MHz 


; 


Cour PARALLEL EQUIVALENT 


Pout, OUTPUT POWER (WATTS PEP) 
OUTPUT CAPACITANCE (pF) 


EEA 
: \ 
CELE AE 


Voc, SUPPLY VOLTAGE (VOLTS) FREQUENCY (MHz) 


FIGURE 6 — OUTPUT RESISTANCE versus FREQUENCY FIGURE 7 — POWER GAIN versus FREQUENCY 


Icq = 20 mA 


Vec = 13.6 Vdc 
Pout = 12W PEP 


Ica = 20 mA 
Pour = 12 W PEP 


Rout. PARALLEL EQUIVALENT 
OUTPUT RESISTANCE (OHMS) 
ad 
Gpg, POWER GAIN (dB) 


FREQUENCY (MHz) . _ FREQUENCY (MHz) 
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MRF475 


PSR ES KAN Y NOK AD FNL NEN La NS 
oa 
<7 


0.9) WARS 
j65.0 
O-13.6 Vdc 
1/8" 1.D., 5/16’ Long 


88.0-126.0 |; 


ELENGTHS 
34.0 
590-65/3B, Beads on #18 AWG Wire 


0.01 
20 mA 
12 W PEP 
#56- 


—s Way, 


COMMON-EMITTER 


M 
BOC, 
setneceal 


COMMON-COLLECTOR 
— 15 Turns #20 AWG Wire on 100 92, 1.0 W Carbon Resistor 


— 18 LH Molded Choke 


— Ferroxcube 


iO 
iS 


— 50-OHM CHARACTERISTICS IMPEDANCE 
— 0.33 BH Molded Choke 
_ == 4 Turns #18 AWG Wire, 


L2 

RFC1 
RFC2 
RFCS 
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FIGURE 8 — IMPEDANCE COORDINATES 


— ARCO 466 Trimmer Capacitors 
— ARCO 463 Trimmer Capacitor 
— 0.1 uF Ceramic Disc 

— ARCO 469 Trimmer Capacitor 
— 100 BF 15 Vdc Electrolytic 

— 250 2, 2.0 W Potentiometer 


— 5.1 ©, 1/2 W Resistor 
— 51 ,.2.0 W Resistor 


2-664 


MOTOROLA 
a SEMICONDUCTOR EEE 


TECHNICAL DATA ee 
MRF476 


The RF Line 


3.0 W (PEP)-3.0 W (CW) — 30 MHz 


RF POWER 


NPN SILICON RF POWER TRANSISTOR cin neetOn 


: : : Ay ae re det le NPN SILICON 
... designed primarily for use in single sideband linear amplifier 


output applications in citizens band and other communications 
equipment operating to 50 MHz. | . . 
® Characterized for Single Sideband and Large-Signal Amplifier 
Applications Utilizing Low-Level Modulation 

® Specified 12.5 V, 30 MHz Characteristics — 

Output Power = 3.0 W (PEP) 

Minimum Efficiency = 40% (SSB) 

Output Power = 3.0 W (CW) 

Minimum Power Gain = 15 dB (PEP) . 


@ Common-Collector Configuration 


MAXIMUM RATINGS 


Collector-Emitter Voltage 1 VcEO a PIN 1. BASE 

Collector-Base Voltage VcCBO | 86 pon 

Emitter-Base Voltage Vepo | 40 | AE OEECI On 
10 


Collector Current — Continuous Ic | 100 i eae AND TOLERANCING PER ANS! 


Total Device Dissipation @ Ta = 25°C (1) ee ee Pee ee 
5 3, DIM Z DEFINES A ZONE WHERE ALL BODY AND 
Derate above 25°C 57.2 LEAD IRREGULARITIES ARE ALLOWED. 


MILLIMETERS | INCHES | 


Storage Temperature Range -65 to + 150 


(1) This device is designed for RF operation. The total device dissipation rating applies 
only when the device is operated as an RF amplifier. 
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THERMAL CHARACTERISTICS 
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Thermal Resistance, Junction to Case Resc 17.5 
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CASE 221A-04 
TO-220AB 


MOTOROLA RF DEVICE DATA 
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MRF476 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(I¢ = 10 mAdc, Ip = 0) 

Collector-Emitter Breakdown Voltage 
(I¢ = 25 mAdc, Vee = 0) 


Emitter-Base Breakdown Voltage 
(te = 1.0 mAdc, Ic = 0) 
Collector Cutoff Current 
(Vop = 15 Vde, Ie = 0) 


ON CHARACTERISITCS 


DC Current Gain hee 10 
(I¢ = 250 mAdc, Vcg = 5.0 Vde) 


DYNAMIC CHARACTERISTICS 
Output Capacitance 
(Veg = 12.5 Vdc, [- = 0, f = 1.0 MHz) 
FUNCTIONAL TESTS (SSB) 
Common-Emitter Amplifier Power Gain 
(Voc = 12.5 Vde, Pout = 3.0 W (PEP) #1 = 30 MHz, 
£2 = 30.001 MHz, ICQ = 20 mA) 
Collector Efficiency 
(Veg = 12.5 Vde, Poyt = 3.0 W (PEP) f1 = 30 MHz, 
#2 = 30.001 MHz, ICQ = 20 mA) 
Intermodulation Distortion 
(Voc = 12.5 Vde, Poyt = 3.0 W (PEP) f1 = 30 MHz, 
f2 = 30.001 MHz, ICQ = 20 mA 
50 MHz PERFORMANCE 


Common-Emitter Amplifier Power Gain 
(Voc = 12.5 Vde, Pout = 3.0 W, f = 50 MHz) 


RFC RFC2 
C7 
RF 
ct De < Output 
Mp cf) DUT 
Input ae 
e be L2 
c2 ei R2 

C2 — Arco 466 Trimmer RFC1 — 10 WH Molded Choke 
C1, C7 — Arco 469 Trimmer RFC2 — 1.9 WH Molded Choke (Ohmite Z-144) 
C3 — 500 uF, 3.0 V Electrolytic RFC3 — 6 Ferroxcube Beads on #18 AWG Wire 
c4, C5, C8 — 0.1 wF Erie Redcap 
“C6 — 1000 pF UNELCO OP Miares 
‘C9 — 100 WF, 15 V Electrolytic Board — G10, 2-sided 2 oz. Copper Clad 
R1 — 33 22 5 W Wire Wound Connectors — Type N 


R2 — 50 © 1/2 W Carbon 


L141 — 0.22 uwH Molded Choke 
L2 — 5 Turns #18 Enameled Wire, 1/4” ID 
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FIGURE 2 — POWER GAIN versus FREQUENCY 


FIGURE 3 — OUTPUT POWER versus INPUT POWER 
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Pin, INPUT paaes (mW) 


f, FREQUENCY (MHz) 


FIGURE 5 — OUTPUT POWER versus SUPPLY VOLTAGE 


FIGURE 4 — OUTPUT POWER versus INPUT POWER 


IMD (d3) = -35 dB 
ICQ=20mA 
f = 30, 30.001 MHz 
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FIGURE 6 — INTERMODULATION DISTORTION 


FIGURE 7 — OUTPUT CAPACITANCE versus FREQUENCY 
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FIGURE 8 — OUTPUT RESISTANCE versus FREQUENCY 
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SERIES EQUIVALENT INPUT IMPEDANCE 
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MOTOROLA Cv. eid. ot 
= SEMICONDUCTOR saan 
TECHNICAL DATA 


MRF477 


The RF Line 


40 W (PEP) — 30 MHz 


RF POWER. 
TRANSISTOR 


NPN SILICON RF POWER TRANSISTOR 


NPN SILICON | 


... designed primarily for application as a high-power. linear 
amplifier from 1.5 to 30 MHz, in single sidebarid mobile, marine 
and base station equipment: ae 


® Low-Cost, Common-Emitter TO-220AB Package 
® Specified 12.5 Volt, 30 MHz Performance — 
Output Power = 40 W CW or PEP 
Power Gain = 15 dB Min 
Efficiency = 40% Min (PEP) 
@ Intermodulation Distortion @ 40 W (PEP) — 
IMD = —30 dB (Max) 
@ 30:1 VSWR Load Mismatch Capability at Rated Output Power 
and Supply Voltage 


MAXIMUM RATINGS 


STYLE 2: 


: PIN 1. BASE 
Rating Sym 2, EMITTER 
3. COLLECTOR 
aes 4, EMITTER 


1, DIMENSIONING AND TOLERANCING PER ANSI 
Y14.5M, 1982. ee 

2. CONTROLLING DIMENSION: INCH. 

3, DIM Z DEFINES A. ZONE WHERE ALL BODY AND 
LEAD IRREGULARITIES ARE ALLOWED. . 


MILLIMETERS 


Withstand Current 

(t = 5.0 s) 
Total Device Dissipation @ Te = 25°C (1) 
Derate above 25°C 


4,48 
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| THERMAL CHARACTERISTICS __ | eis 
[Teena Reiner dusion wae 


(1) This device is designed for RF operation. The total device dissipation rating applies 
only when the device is operated as an RF amplifier. 
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CASE 221A-04 | 
_ TO-220AB 


0.080 
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ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 


“OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(Ic = 100 mAdc, Ig = 0) 


Collector-Base Breakdown Voltage ViBR)CBO 36 Vde 
(I¢ = 100 mAdc, IE = O) 
Emitter-Base Breakdown Voltage V(BR)EBO Vde 
(IE = 5.0 mAdc, Ic = 0) 
Collector Cutoff Current IcES mAdc 
(Voge = 12.5 Vde, Veg = 0, Tc = 25°C) 
ON CHARACTERISTICS . A . . 
~ DC Current Gain 
(Ie = 2.0 Adc, Voge = 5.0 Vdc) 
DYNAMIC CHARACTERISTICS 
Output Capacitance 
(Veg = 12.5 Vde, ie = 0, f = 1.0 MHz) 


FUNCTIONAL TESTS 
Common-Emitter Amplifier Power Gain 
(Vec = 12.5 Vdc, Poyt = 40 W (PEP), f1 = 30 MHz, 
£2 = 30.001 MHz, icq = 40 mAdc} 
Collector Efficiency 

(Vec = 12.5 Vdc, Poys = 40 W (PEP), f1 = 30 MHz, 
#2 = 30.001 MHz, Icq = 40 mAdc) 
Intermodulation Distortion (1) 

(Vec = 12.5 Vde, Pout = 40 W (PEP), f1 = 30 MHz, 
#2 = 30.001 MHz, !cq = 40 mAdc) 


od 
— ee 


(1) To MIL-STD-1311 Version A, Test Method 2204B, Two Tone, Reference Each Tone. 


FIGURE 1 — 30 MHz TEST CIRCUIT 


| 7 12.5 Vde 
R2 SSB C7 cs = 
*Bias Input >—WA—O __-O ) a ae 
CW . + La = = = 
- 7 ahi 
L3 
= = = = ee RF Output 


| DUT//~ =s 
RF Input ee hae —— 
C2 mo wa C3 


L2 
C15 
i Bead 
C1, C2, C4 — Arco 469, ett pF L1— 4 Turns #16 AWG 1/3” ID, 1/3” Long 
C3 — Arco 429, ne BE a | L2 — 3 Turns #16 AWG 1/3” ID, 1/2” Long 
Sree aio oe eet aly ne: L4— 12 Turns #18 AWG 1/4” ID 

C8 — 100 uF 16 Vdc Electrolytic 
: i Bead — Ferroxcub -§ 5 

R1 — 10 2 1.0 Watt Resistor Subs 7ae:e8 0.60/38 

R2 — 5 2 5.0 Watt Resistor : D1 — 1N4719 


* Adjust Bias (Base) Voltage for Igq = 40 mA with no RF applied. 


x i ‘ ee . ae ‘ i mn . : : 
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FIGURE 3 — OUTPUT POWER versus SUPPLY VOLTAGE 


FIGURE 2 — OUTPUT POWER versus INPUT POWER 
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FIGURE 5 


FIGURE 4 — POWER GAIN versus FREQUENCY 


versus OUTPUT POWER 
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FIGURE 6 — SAFE OPERATING AREA 
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FIGURE 9 — OUTPUT RESISTANCE versus FREQUENCY 
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SERIES EQUIVALENT INPUT IMPEDANCE 


FIGURE 7 
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TECHNICAL DATA 
MRF479_ 


The RF Line 


15 W (PEP), 15 W (CW)—30 MHz 


RF POWER” 
TRANSISTOR 


NPN SILICON RF POWER TRANSISTOR | . 
7 NPN SILICON 


... designed primarily for use in single sideband linear amplifier © 
output applications and other communications equipment oper- 
ating to50 MHz. . 2 
@ Low-Cost, Common-Emitter TO-220AB Package 
® Specified 12.5 V, 30 MHz Performance — 
Output Power = 15 W (PEP) or (CW) 
Power Gain = 12 dB Min 
Efficiency = 40% Min _ 
® |ntermodulation Distortion @ 15 W (PEP) — 
_ IMD = —30 dB (Max) 
@ 30:1 VSWR Load Mismatch Capability at Rated Output Power 
and Supply Voltage 
® Characterized from 2:0 to 50 MHz 


Symbol Value Unit 
VCEO Vdc 


ist 
Collector-Base Voltage VcBO 36 Vdc 
30 


Rating 


MAXIMUM RATINGS : 
Collector-Emitter Voltage 


STYLE 2: 
PIN 1. BASE 
2. EMITTER 
3. COLLECTOR 
NOTES: 4, EMITTER 


1. DIMENSIONING AND TOLERANCING PER ANSI 
Y14.5M, 1982. 

2. CONTROLLING DIMENSION: INCH. 

3, DIM Z DEFINES A ZONE WHERE ALL BODY AND 
LEAD IRREGULARITIES ARE ALLOWED. 


MILLIMETERS INC! 


Emitter-Base Voltage VEBO Vde 
Collector-Current — Continuous Adc 


Total Device Dissipation @ Tc = 25°C (1) | Watts 
Derate above 25°C 0.17 mW/ °C 


Storage Temperature Range | stg | -65 to +150 2¢ 


THERMAL CHARACTERISTICS 
Characteristic . 


Thermal Resistance, Junction to Case (2) 


(1) This device is designed for RF operation. The total device dissipation rating applies 
only when the device is operated as an RF amplifier. on 

(2) Thermal Resistance is determined under specified RF operating conditions by infrare 
measurement techniques. - of. gy 


_ CASE 221A-04 
TO-220AB 
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ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 
OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(I¢ = 20 mAdc, Ip = O) 


oil Minas Ble ds 
| Collector-Emitter Breakdown Voltage V(BR)CBO Vdc 
(ic = 20 mAde, VgE=90) | . 
Emitter-Base Breakdown Voltage V(BR)EBO Vdc 
(le = 5.0 mAdgc, Ic = 0) 
Collector Cutoff Current ICES mAdc 
. (Vcp = 15 Vde, Ie = 0} fic! 


ON CHARACTERISTICS 


DC Current Gain - 
(I¢ = 500 mAdc, VcgE = 5.0 Vdc) | 


DYNAMIC CHARACTERISTICS 


Output Capacitance 
(Vcp = 12.5 Vde, Ig = 0, f = 1.0 MHz) 


FUNCTIONAL TESTS (SSB) 


| Common-Emitter Amplifier Power Gain 
(Vcc = 12.5 Vde, Poyt = 15 W (PEP), fy = 30 MHz, 
f2 = 30.001 MHz, Icq = 20 mA) 


Collector Efficiency 
(Voc = 12.5 Vde, Pout = 15 W (PEP), fy = 30 MHz, 
f9 = 30.001 MHz, Icg = 20 mA) 


V(BR)CEO 


intermodulation Distortion (1) (PEP) 
(Voc = 12.5 Vde, Poyt = 15 W (PEP), f; = 30 MHz, 
fo = 30.001 MHz, Icg = 20 mA) 


(1) To MIL-STD-1311 Version A, Test Method 2204B, Two Tone, Reference Each Tone. 


FIGURE 71 — 30-MHz COMMON EMITTER TEST CIRCUIT 


R2 
*Bias Input f o-——— = 3 ' —@ e ~ + 12.5 Vde 


D1 


I 
+s 


' RF Output 


a 1 ss, zee ee 
“a i L2 
| C2 ms > NN Vd _¢ 


aN C1 ; Bas A c3 
= Bead Pr ia = 
C1, C2, C4 — 469 Arco 170+780 pF L3 — 10 wH Molded Choke 


C3 — 426 Arco 37~250 pF L4— 12 Turns #18 AWG 0.25” 1D X 0.75” 
C5 — 500 uF, ae R1— 109, 1.0W 

C6, C7 — 0.1 rie Redcap . R2~5.09, 5.0W . 

C8 — 0.01 MF Erie Redcap 
C9—100uUF,16V ' Bead — Ferroxcube Bead #56-590-65/3B 


L1— 4 Turns #18 AWG 0.3” ID X 0.25” D1 — 1N4997 
L2 — 5 Turns #16 AWG 0.35” iD X 0.9” 


* Adjust Bias (Base) Voltage for |cq = 20 mA with no RF applied. 
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FIGURE 2 — OUTPUT POWER versus INPUT POWER FIGURE 3 — POWER GAIN versus FREQUENCY 
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Lot ae FIGURE 5 — INTERMODULATION DISTORTION versus _ 
FIGURE 4 — OUTPUT POWER versus SUPPLY VOLTAGE OUTPUT POWER 
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0 f = 30, 30.001 MHz 
iMD (d3) =-35 dB 
Icq = 20 mA 
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Pout, OUTPUT POWER (WATTS PEP) 
IMD, INTERMODULATION DISTORTION (dB) 


0 80 90 0 mW 12 #13. 4 6% i i | 
Vcc, SUPPLY VOLTAGE (VOLTS) gut, OUTPUT POWER (WATTS PEP) 


FIGURE 6 — OUTPUT CAPACITANCE versus FREQUENCY = FIGURE 7 — OUTPUT RESISTANCE versus FREQUENCY 
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FIGURE 8 — SERIES EQUIVALENT INPUT IMPEDANCE FIGURE 9 — 30 MHz TEST AMPLIFIER 


RF Input 


Veco = 12.5 Vde 
Ica = 20 mA 


NGNOD ¥ 


ITNSNOdWOD JONVLD 


RF Output 
aes es 7 
= 10 0h ig ene 
2th aon 
RF apie RF Output 


NOTE: Points A, A’ and B, B’ are connected via 50 2 coaxial cable under the PCB. 
The Printed Circuit Board shown is 75% of the original. 
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MOTOROLA 
a SEMICONDUCTOR yyy | 
TECHNICAL DATA 


The RF Line 
15 W (PEP) — 15 W (CW) — 30 MHz 


NPN SILICON RF POWER TRANSISTOR RF POWER 


-',.. designed primarily for use in single sideband linear amplifier TRANSISTOR 
output applications and other communications equipment oper- NPN SILICON 
ating to 30 MHz. a 
® Characterized for Single Sideband and Large-Signal Amplifier _ 

Applications Utilizing Low-Level Modulation 
® Specified 28 V, 30 MHz Characteristics — 
Output Power = 15 W (PEP) 
Minimum Efficiency = 40% (SSB) 
Minimum Power Gain = 10 dB (PEP & CW) 


® Common-Collector Configuration 


MAXIMUM RATINGS 


Collector Current — Continuous 


Total Device Dissipation @ Tc = 50°C (1) 
Derate above 50°C 


(1) This device is designed for RF operation. The total device dissipation rating applies 


only when the device is operated as an RF amplifier. STYLE 1: 
: - PIN 1. BASE 


2. COLLECTOR 
3, EMITTER 
4. COLLECTOR 


NOTES: 
1. DIMENSIONING AND TOLERANCING PER ANSI 
Y14.5M, 1982. 
2. CONTROLLING DIMENSION: INCH. 
3. DIM Z DEFINES A ZONE WHERE ALL BODY AND 
LEAD JRREGULARITIES ARE ALLOWED. 


| MILLIMETERS INCHES 
| MAX | MIN | 

| 15.75 | 0.570 [ 0.620 | 

4.82 

; 0.025 | 0.035 

0.142 0.147 

0.105 

0.155 


* Adjust for !cq = 20mMA Li — 2.2 pH Molded Choke 
L2 — 7 Turns #18 AWG Wire, 3/8" 1.0. 


Ci, 2,6 — ARCO 466 Trimmer Capacitors. 

C3 — 1000 uF, 3.0 Vde Electrolytic RFC1 — 10 #H Moided Choke 

C4, 7 — 0.1 MF, Disc Ceramics RFC2 — 0.84 nH Moided Choke 

C8 — 100 uF, 15 Vdc Electrolytic RFC3 — 2 Ferroxcube, #56-590-65/3B, 
Beads on #18 AWG Wire 


R1— 10 2, 5.0 Watt Resistor 
R2 — 10 2, 1.0 Watt Resistor D1 — 1N4997 
CASE 221A-04 


TO-220AB 
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ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 


OFF CHARACTERISTICS 
Collector-Emitter Breakdown Voltage 35 
(ic = 20 mAdc, Ip = 0) 
Collector-Emitter Breakdown Voltage 
(Ic = 50 mAdc, Vge = 0) 


V(BR)EBO 
Collector Cutoff Current ICBO 
(Vcp = 25 Vdc, Ie = 0) | 


Collector-Cutoff Current 
(VCE = 28 Vdc, Vee = 0) 


ON CHARACTERISTICS 


DC Current Gain hee 10 30 
(I¢ = 500 mAdc, Vcg = 5.0 Vdc) 


DYNAMIC CHARACTERISTICS 


Output Capacitance 
(Vcp = 28 Vde, le =0,f = 1.0 MHz) 


FUNCTIONAL TESTS (SSB) 


Common-Emitter Amplifier Power Gain 
(Vcc = 28 Vdc, Poyt = 15 W (PEP, f1 = 30 MHz, 
f2 = 30.001 MHz, IcQ = 20 mA) 
Collector Efficiency 
(Vcc = 28 Vdc, Pout = 15 W (PEP), f1 = 30 MHz, 
£2 = 30.001 MHz, Icq = 20 mA) 
Intermodulation Distortion (1) 
(Vcc = 28 Vdc, Poyt = 15 W (PEP), f1 = 30 MHz, 
f2 = 30.001 NIHz, Icqg = 20 mA) 
Load Mismatch No Degradation in Output Power 
(Vcc = 28 Vdc, Pout = 15 W (PEP), f1 = 30 MHz, 
f2 = 30.001 MHz, VSWR = 30:1 All Angles) 


(1) To MIL-STD-1311 Version A, Test Method 2204B, Two Tone, Reference Each Tone. 


FIGURE 3 — INTERMODULATION DISTORTION 
FIGURE 2 — OUTPUT POWER versus INPUT POWER versus OUTPUT POWER 


24 


f= 30 MHz 


lpg = 20 mA Vec = 28 Vde 
—— Voc = 28 Vde Ica = 20 mA 
BT 28. Vee = 13.6 Vie f = 30, 30.001 MHz 


Pout, QUTPUT POWER (WATTS) 
\ 
\ 
L 
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FIGURE 5 — OUTPUT CAPACITANCE versus FREQUENCY 


FIGURE 4 — OUTPUT POWER versus SUPPLY VOLTAGE 
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FIGURE 7 — POWER GAIN versus FREQUENCY 
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FIGURE 8 — SERIES EQUIVALENT INPUT IMPEDANCE 
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MOTOROLA 
aa SEMICONDUCTOR EEE : 
TECHNICAL DATA MRF486 


The RF Line | 


NPN SILICON RF POWER TRANSISTOR 


. designed primarily for application as a high-power linear . 40 W (PEP) — 30 MHz 
amplifier from 1.5 to 30 MHz, in single sideband mobile, marine . 
and base station equipment. | RF POWER 
® Low-Cost, Common-Emitter TO-220AB Package TRANSISTOR. 
@ Specified 28 Volt, 30 MHz Performance — NPN SILICON 
Output Power = 40 W (PEP) 
Power Gain = 15 dB Min 
Efficiency = 40% Min 
®@ Intermodulation Distortion @ 40 W (PEP) — 
IMD = —30 dB (Max) 
@ 30:1 VSWR Load Mismatch CADP IURY at Rated Output Power 
and Supply Voltage 


MAXIMUM Se 


[totecereninervater egg [8 
oa 
p30 [ade | 


Withstand Current Adc 
(t = 5.0 s) 


Total Device Dissipation @ Tc = 25°C (1) 
Derate above 25°C 


Storage Temperature Range 


(1) This device is designed for RF operation. The total device dissipation rating applies 
only when the device is operated as an RF amplifier. 


STYLE 2: 
PIN 1. BASE 
2. EMITTER 
= 3. COLLECTOR 
, NOTES: 4. EMITTER 
FIGURE 1 — 30 MHz TEST CIRCUIT 1. DIMENSIONING AND TOLERANCING PER ANSI 
Y14.5M, 1982. 
2. CONTROLLING DIMENSION: INCH. 
eae ae 3. DIM Z DEFINES A ZONE WHERE ALL BODY AND 
RF Output LEAD IRREGULARITIES ARE ALLOWED. 


*Bias Input 
“ | = . | A_| 1448 | 15.75 | 0570 | 0.620 | 
Snaee 3 5 a | s68 | 1026 [ose | 0405 | 
Lee | ¢ | 407 | 482 | 0.160 | 0.190 | 
i |b | 064 | 0.98 | 0.025 | 0.035 | 
Ege oact ee roe 


C1, C2 — Arco 469, 190-780 pF R1 — 10 1), 1.0 Watt Resistor 

C3 — 150 pF ELMENCO** R2 — 5.0 2, 5.0 Watt Resistor 

C4, C5 — Arco 429, 90-400 pF L1 — 0.15 wH Molded Choke 

. C6, C9 — 0.001 zF Disc Ceramics L2 — 7 Turns, #16 AWG Enameled Ciose-Wound, 1/2" ID 

C7 — 500 uF, 3.0 Vde Electrolytic L3 — 10 wH Molded Choke 

C8 — 50 uF, 50 Vdc, Electrolytic L4 — 1.9 wH Molded Choke 

One Bead — #56-590-65/3B ireMeReHpe or equiv.) 
D1 — 1N4997 


CASE 221A-04 


*Adjust Bias (Base) Voitage for Icq = 40 mA with no RF applied. 
**Type MCM01/010 or UNELCO 3 HS 0006: ' TO-220AB 
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MRF486 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 


[—Symbet_[ Min | tye [Max [Unit 


rT T=] 
Collector-Emitter Breakdown Voltage — a ae ee eee Ce 
(I¢ = 50 mAdc, Vee = 0) Ace : | 7 | | | 
deci tee  a kit 3 SM tn tke |S 
(Ic = 50 mAdc, Ie = 0) . 
igs8Omade gs Dou eee ee a 


(IE = 5.0 mAdc, Ic¢-= 0). - 

Collector Cutoff Current 
(VCE = 28 Vde, Vge=0, TC = 25°C) 
ON CHARACTERISTICS 


DC Current Gain 


’ Characteristic — 


_ OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage . 
(1¢ = 50 mAdc, Ip =O) . 


(I¢ = 2.0 Adc, Vcg = 5.0 Vdc) 
DYNAMIC CHARACTERISTICS 
Output Capacitance 


(Vcp = 27 Vdc, Ie = 0, f = 1.0 MHz) 
FUNCTIONAL TESTS 

Common-Emitter Amplifier Power Gain 

(Vcc = 28 Vdc, Pout = 40 W (PEP), f1 = 30 MHz, 

#2 = 30.001 MHz, Icg = 40 mAdc) | 
Collector Efficiency 

(Voc = 28 Vdc, Poyt = 40 W (PEP), f1 = 30 MHz, 

#2 = 30.001 MHz, icq = 40 mAdc) 
intermodulation Distortion (1) 

(Vcc = 28 Vdc, Pout = 40 W (PEP), f1 = 30 MHz, 

f2 = 30.001 MHz, icq = 40 mAdc) 


f= 30 MHz 
ica =40 mA 
Vec = 28 Vde 
Vec = 13.6 Vde 


‘Poy, QUTPUT POWER (WATTS) 


0 0.5 1.0 1.5 
P,,, INPUT POWER (WATTS) 


FIGURE 4 — POWER GAIN versus FREQUENCY . 
au 


iT 
EBER 


Gpe, POWER GAIN (dB) 


Pout OUTPUT POWER (WATTS PEP) 


Vcc, SUPPLY VOLTAGE (VOLTS) f, FREQUENCY (MHz) 
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FIGURE 5 — INTERMODULATION DISTORTION 
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MOTOROLA RF DEVICE DATA 


FIGURE 7 — SERIES EQUIVALENT INPUT IMPEDANCE 
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MOTOROLA : 
= SEMICONDUCTOR yyy MRF492 


TECHNICAL DATA MRF492A 


| The RF Line 70. W550 MHz 
3 | | RF POWER | 
TRANSISTOR 


NPN SILICON. 


NPN SILICON RF POWER TRANSISTOR 


... designed for 12.5 volt low band VHF large-signal power amplifier 
--applications in commercial and industrial FM equipment. 


® Specified 12.5 V, 50 MHz Characteristics — 
Output Power = 70 W 
Minimum Gain = 11 dB 
Efficiency = 50% 


@ Load Mismatch Capability at High Line and 
RF Overdrive 


NOTES: 
1. DIMENSIONING AND TOLERANCING PER 
ANSI ¥14.5M, 1982. 
2. CONTROLLING DIMENSION: INCH. 


STYLE 1: 
PIN 1. EMITTER 
2. BASE 
3. EMITTER 


MAXIMUM RATINGS 4, COLLECTOR 


CASE 211-11 
| Collector-Emitter Voltage VcCEO 1 | MRF492 
Collector-Base Voltage VcBO 
Emitter-Base Voltage VEBO 
Collector-Current — Continuous Adc 
Total Device Dissipation @ Tc = 25°C (1) 250 Watts 
Derate above 25°C . 1.43 wW/°C 


Storage Temperature Range -65 to +150 


THERMAL CHARACTERISTICS 


Characteristic NOTES: 
: 4 1. DIMENSIONING AND TOLERANCING 


PER ANSI Y14.5M, 1982. 


Thermal Resistance, Junction to Case (2) 2. CONTROLLING DIMENSION: INCH. 


(1) These devices are designed for RF operation. The total device dissipation rating 
applies only when the devices are operated as RF amplifiers. . 

(2) Thermal Resistance is determined under specified RF operating conditions by 
infrared measurement techniques. 


CN 


STYLE 1: 
PIN t. EMITTER. 
2, BASE 
3. EMITTER 
4. COLLECTOR 


CASE 145A-10 
MRF492A 


MOTOROLA RF DEVICE DATA 
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MRF492, MRF492A 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 


~ OFF CHARACTERISTICS 
Collector-Emitter Breakdown Voltage . | V(BR)CEO 
(ic = 100 mAde, Ip = 0) 
Collector-Emitter Breakdown Voltage a V(BR)CES . 
(Ic = 50 mAdc, VggE=0) | : 
Emitter-Base Breakdown Voltage V(BR)EBO 
le = 10 mAdc, Ic = O) 


(VcE = 13.6 Vdc, Vee = 0) 
ON CHARACTERISTICS 


DC Current Gain 
(Ic = 5.0 Adc, VcgE = 5.0 Vde) 


DYNAMIC CHARACTERISTICS 


Output Capacitance 
(VcB = 15 Vdc, Ie = O, f = 1.0 MHz) 


FUNCTIONAL TESTS 


| Common-Emitter Amplifier Power Gain 
(Vcc = 12.5 Vdc, Poyt = 70 W, f = 50 MHz) 


Collector Efficiency 
(Vcc = 12.5 Vde, Pout = 70 W, f = 50 MHz) 


FIGURE 1 — 50 MHz TEST CIRCUIT 


+ 12.5 Vdc 
2 + 
or C6 f C7 
L2- 13 or: a ee 
; ; oS RF Output 
ve C1 1 
. RF Input = d@ DUT , 
C3 C4 
C2 C5 RFC1 
[}] Bead 
C1, fer: — 9.0-180 pF, Arco 463 - RFC2 — 12 Turns, #16 AWG, Enameled Wire Closewound 
C2, C3, C4 — 80-480 pF, Arco 466 on a 2 W Carbon Resistor 
~ C5 — 1000 pF, 350 V, Unelco L1 — 2 Turns, #18 AWG Enameled Wire, 0.4” ID, 
C6 — 10 pF, 25 Vdc 0.15” Long 
C7 — 0.01 uF, Ceramic L2 — Loop, #12 AWG Wire, 0.6” High, 0.4” Wide. 
RFC1 — 10 »H Molded Choke L3 — 2 Turns, #12 AWG Wire, ID 0.4”, 0.25” Long 


Bead — Ferrite Bead Ferroxcube #56-590-65/3B 
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MRF492, MRF492A 


FIGURE 3 — POWER GAIN versus FREQUENCY | 


FIGURE 2 — OUTPUT POWER versus INPUT POWER 
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f, FREQUENCY, (MHz) 


Pin. INPUT POWER, (WATTS) 


FIGURE 4 — OUTPUT POWER versus SUPPLY VOLTAGE 
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FIGURE 5 — SERIES EQUIVALENT INPUT/OUTPUT IMPEDANCES 
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MOTOROLA 
= SEMICONDUCTOR see 
TECHNICAL DATA 


The RF Line | 


NPN SILICON RF POWER TRANSISTOR 


... designed for 12.5 volt VHF large-signal power amplifier appli- 
cations in commercial and industrial equipment, operating in the 
25 to 50 MHz frequency range. 


. ® Low-Cost, Common-Emitter TO-220AB Package 


® Specified 12.5 V, 50 MHz Performance — 
Output Power = 40 Watts 
Power Gain = 10 dB Min 
Efficiency = 60% Min 
@ Load Mismatch Capability at Rated Voltage and RF Drive 


MAXIMUM RATINGS 


Total Device Dissipation @ Tc = 25°C (1) 
Derate above 25°C 


(1) This device is designed for RF operation. The total device dissipation rating applies 
_ only when the device is operated as an RF amplifier. 
(2) Thermal Resistance is determined under specified RF operating conditions by infrared 
measurement techniques. 


FIGURE 1 — 50 MHz TEST CIRCUIT 


RFC2 


— C1— Arco 469 

C2, C3 — Arco 466 : 

C5 — 100 uF, 16 Vde Electrolytic 
C6 — 0.001 zF Disc Ceramic ikRe 
R1 — 10 0, 1.0 Watt Resistor 
L1—~ 3 Turns #14 AWG Wire, 1/3".1D 

L2 —- 1-1/2 Turns #14 AWG Wire, 1/2” ID 
L3 — 14 Turns #18 AWG Wire 1/4” ID 


RF Output 


- C2 L1 


RFC1 — RF Choke Ferroxcube VK200-20/4B 
RFC2 — 3 Ferroxcube, #55-590-65/3B, Beads on #18 AWG Wire 
B — Ferroxcube #56-490-65/3B 

Board Material — Epoxy Fiberglass, 0.062” thick 
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MOTOROLA RF DEVICE DATA 


MRF497 


40W 50 MHz 


RF POWER 
TRANSISTOR 


NPN SILICON 


STYLE 2: 
PIN 1. BASE 
2. EMITTER 
3, COLLECTOR 
4. EMITTER 


1. DIMENSIONING AND TOLERANCING PER ANSI 
Y14.5M, 1982. 


"2. CONTROLLING DIMENSION: INCH. 
3. DIM Z DEFINES A ZONE WHERE ALL BODY AND 


LEAD IRREGULARITIES ARE ALLOWED. 
MILLIMETERS |. - INCHES 
X 


CASE 221A-04 
TO-220AB 


MRF497 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage V(BR)CEO | Vde 
(I¢ = 100 mAdc, Ip = 0) 

Collector-Emitter Breakdown Voltage V(BR)CES 36 Vdc 
(Ic = 20 mAdc, Vee = 0) a 


(Ile = 10 mAdc, Ic = 0) 


ON CHARACTERISTICS. 


DC Current Gain 
(ic = 1.0 Adc, Vcg = 5.0 Vdc) 


DYNAMIC CHARACTERISTICS 


Output Capacitance 
(Vcp = 15 Vde, Ig = 0, f = 1.0 MHz) 


FUNCTIONAL TESTS 


Common-Emitter Amplifier Power Gain 
(Vcc = 12.5 Vde, Poyt = 40 W, f = 50 MHz) 


Collector Efficiency 
(Vcc = 12.5 Vde, Pout = 40 W,. f = 50 MHz) 
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Gpg, POWER GAIN (aB) 
Pout, OUTPUT POWER (WATTS) 


f, FREQUENCY (MHz). 


~ 50 MHz 


Pout, QUTPUT POWER (WATTS) 


Voc, SUPPLY VOLTAGE (VOLTS) 
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MRF497 


FIGURE 5 — SERIES EQUIVALENT. INPUT/OUTPUT IMPEDANCES 
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FIGURE 6 — TEST AMPLIFIER PCB PHOTOMASTER 


RE Input fae AF Output» 


NOTE: Points A, A’ and B, B’ are connected via 50 2. coaxial cable under the PCB. 
The Printed Circuit Board shown is 75% of the original. 
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MOTOROLA 


= SEMICONDUCO. | 
TECHNICAL DATA | MRF501 


MRF502 


. The RF Line | 


HIGH FREQUENCY 
TRANSISTORS 
NPN SILICON HIGH-FREQUENCY TRANSISTORS 


NPN SILICON 
. . . designed primarily for use in high-gain, low-noise amplifier, 
oscillator, and mixer applications. Can also be used in WHF converter 
applications. 


® High Current-Gain — Bandwidth Product — 
ff = 1.2 GHz (Typ) @ Ic = 5.0 mAdc 


@ Low Noise Figure — 
NF = 4.0 dB (Typ) @ f = 200 MHz 


STYLE 10: 
PIN 1. EMITTER 
2. BASE 
3, COLLECTOR 


Collector-Base Voltage VcBO Vde 


Emitter Base Voltage VERO 
Collector Current 


Total Device Dissipation @ Tp = 25°C 
Derate above 25°C 


Storage Temperature Range 


SEATING 
PLANE 


—»||<—D 


NOTE: ALL RULES AND. NOTES ASSOCIATED WITH T0-72 
OUTLINE SHALL APPLY, 


_ [MILLIMETERS [INCHES 
iM | MIN | MAX 


0.91 1.17 


0.050 BSC 


CASE 20-03 
TO-206AF 
(TO-72) 


MOTOROLA RF DEVICE DATA 
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MRF501, MRF502 


ELECTRICAL CHARACTERISTICS (Tp, = 25°C unless otherwise noted) 


OFF CHARACTERISTICS : | 
Collector-Emitter Breakdown Voltage V(BR)CEO 
(Ic = 3.0 mAdc, Ig = 0) 15 
Collector-Base Breakdown Voltage MRF501 V(BR)CBO 
(Ic = 1.0 wAdc, IE = O) MRF502 


Emitter-Base Breakdown Voltage V(BR)EBO 
(le = 1.0 wAdc, Ic = 0) 
Collector Cutoff Current MRF501 


(Vcp = 1.0 Vde, Ie = 0) MRF502 
ON CHARACTERISTICS 


DC Current Gain MRF501 hee 30 250 
(ic = 1.0 mAdc, VcgE = 6.0 Vdc) MRF502 40 170 
DYNAMIC CHARACTERISTICS 


Current Gain — Bandwdith Product MRF501 
(Ic = 5.0 mAdc, VcgE = 6.0 Vdc, f = 100 MHz) MRF502 


Collector-Base Capacitance 
(Vcp = 10 Vdc, Ie = 0, f = 0.1 to 1.0 MHz) 


Collector-Base Time Constant 
(Ile = 2.0 mAdc, Vcp = 6.0 Vdc, f = 31.8 MHz) 
Noise Figure (Figure 1) MRF501 
(Ic = 1.5 mAdc, Vcg = 6.0 Vdc, MRF502 
Rs = 50 ohms, f = 200 MHz) 


FUNCTIONAL TEST 


Common-Emitter Amplifier Power Gain (Figure 1) MRF501 
(Vcc = 6.0 Vdc, I¢ = 5.0 mAdc, f = 200 MHz) MRF502 


FIGURE 1 — 200 MHz AMPLIFIER POWER GAIN 
AND NOISE FIGURE CIRCUIT 


1N3195 


1N3195 


FROM502 — ial o | [EXTERNAL 
SOURCE 0.02 uF J SHIELD 
Ly L2 
Ci C2 , Ol uF 
30-35/]° 20-10 >| 
= = | RFC 
1 0.001 uF 1.0uH 
-VEE =e , : / melee 


oe el Bo ‘Ti200 


+VCC 


L1 13/4 Turns, #18 AWG, 0.5” Long, 0.5” Diameter 
L2 2 Turns, #16 AWG, 0.5” Long, 0.5" Diameter 
L3 2 Turns, #18 AWG, 0.25" Long, 0.5°° Diameter, Position Approximately 0.25” from L2 
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MOTOROLA 


=a SEMICONDUCTOR | 
TECHNICAL DATA 
MRF511 


The RF Line 
— HIGH FREQUENCY 


NPN SILICON HIGH FREQUENCY TRANSISTOR TRANSISTOR 


NPN SILICON 

. designed specifically for broadband applications requiring low 

distortion characteristics and noise figure. Specified for use in 
CATV applications. 


@ Specified +50 dBmV Output, 80 mAdc Distortion Characteristics — 
Triple Beat = -65 dB (Max) 
Cross Modulation = -57 dB (Max) 
Second Order = —50 dB (Max) 


® High Broadband Power Gain — 
Gpe = 10 dB (Min) @ f = 250 MHz 


® Low Broadband Noise Figure — 
NF = 10 dB (Max) @ f = 200 MHz 


MAXIMUM RATINGS 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


(1) For Repeated Assembly use 5 In. Lb. 


STYLE 1: 
PIN 1. EMITTER 
2. BASE 
3. EMITTER 


FIGURE 1 — 40 to 330 MHz BROADBAND TEST CIRCUIT SCHEMATIC SCOHECTER 


RF Output 


CIRCUIT PERFORMANCE 


Input/Output Return Loss 
Flatness 


Gain 
Bandwidth 


C1,C3,C4,CB,C6 0.002 BF Ceramic Disc 4.7 «2, 1/4W, 10% 
c2 6.36-3.5 pF JOHANSON 4702 27 2, 1W, 10% 
L1 2. Turns, #20 AWG, 1/8 1.0.,0.2"’ Long 27 2, 1W, 10% 
2 8 pH, Ferrite Choke, MILLER 300 2, 1/4W, 10%. 
3 18 Turns, #24 AWG Enemelied, on Ferrite Torrid Core Input/Output Connectors — Type F 
FERROXCUBE 1041T060-4C7 2o- 75 Ohms 


La 5 Turns, #20 AWG, 3/16" 1.D., 0.38" Long CASE 244A-01 
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MRF511 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 


symoot [win [Wwe [wee [Uni 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage V(BR)CEO 
(ig = 5.0 mAdc, Ig = 0) 

Collector-Base Breakdown Voltage V(BR)CBO 

_ (ig = 100 nAdc, Ig = 0) , 


: (le = 100 wAdc, Ic = 0) 
Collector Cutoff Current 
(VcgE = 15 Vde, Ig = 0) 
ON CHARACTERISTICS 
DC Current Gain 
(I¢ = 80 mAdc, Vcg = 10 Vdc) 
Collector-Emitter Saturation Voltage 
(I¢ = 100 mAdc, Ig = 10 mAdc) 
DYNAMIC CHARACTERISTICS 
Current-Gain—Bandwidth Product 
(I¢ = 80 mAdc, VcE = 20 Vdc, f = 200 MHz) 
Output Capacitance 
(Vop = 20 Vde, Ig = 0, f = 1.0 MHz) 
Noise Figure 
(ic = 50 mAdc, Vcg = 20 Vdc, f = 200 MHz) 
FUNCTIONAL TESTS (Figure 1) 
|Common-Emitter Amplifier Power Gain 
(VCE = 20 Vdc, I¢ = 80 mAdc, f = 250 MHz) 
2nd Order Intermodulation Distortion 
(VcE = 20 Vdc, Ic = 80 mAdc, Voyt = +50 dBmvV, 
Chn 2+ Chn 13 = 266.5 MHz) 
Cross-Modulation Distortion 
(VcE = 20 Vdc, Vout = +50 dBmV, Ic = 80 mAde) Chn 13 12 Chn XMD 
Chn R 30 Chn XMD 


Triple Beat 
(VcE = 20 Vde, Ic = 80 MAdc, Vout = +50 dBmV, 
Chn 2 + Chn 3 + Chn E = 261.75 MHz) 


FIGURE 2 — CURRENT-GAIN—BANDWIDTH PRODUCT FIGURE 3 — OUTPUT CAPACITANCE 
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FIGURE 4 — INPUT CAPACITANCE FIGURE 5 — BROADBAND NOISE FIGURE 
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FIGURE 10 — 30-CHANNEL CROSS-MODULATION versus 
COLLECTOR-EMITTER VOLTAGE 
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FIGURE 15 — INPUT REFLECTION COEFFICIENT ($11) AND OUTPUT 
REFLECTION COEFFICIENT (S22) versus FREQUENCY 
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FIGURE 16 — FORWARD TRANSMISSION FIGURE 17 — REVERSE TRANSMISSION | 
COEFFICIENT (S12) versus FREQUENCY — COEFFICIENT (S21) versus FREQUENCY 
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TECHNICAL DATA 


The RF Line 


NPN SILICON HIGH FREQUENCY TRANSISTOR 


... designed for 12.5 Volt UHF large-signal amplifier applications 
required in industrial equipment 
@ Specified 12.5 Volt, 470 MHz Characteristics 

Output Power = 0.75 Watts 

Minimum Gain = 8.0 dB ) 

Efficiency = 50% 


@ S Parameter Data From 100 MHz to 1.0 GHz 


0.75 W — 470 MHz 
HIGH FREQUENCY 


TRANSISTOR 


NPN SILICON 


MAXIMUM RATINGS 


Value 


Collector-Base Voltage . VcBO PS 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 14.3 


FIGURE 1 — 470 MHz TEST CIRCUIT 


C7 
+ O O 


STYLE 1: 


PINT. EMITTER elle Dak 
2. BASE : 
scorecron [4+[ 4036 001 ® [tla @] 4 @| 


12.5 Vde 


NOTES: 

. DIMENSIONING AND TOLERANCING PER ANSI 
Y14.5M, 1982. 

2. CONTROLLING DIMENSION: INCH. 

3. DIMENSION J MEASURED FROM DIMENSION A 

MAXIMUM. 

4. DIMENSION B SHALL NOT VARY MORE THAN 0.25 
(0.010) IN ZONE R. THIS ZONE CONTROLLED FOR 
AUTOMATIC HANDLING. , 

. DIMENSION F APPLIES BETWEEN DIMENSION P 

AND L. DIMENSION D APPLIES BETWEEN 

DIMENSION L ANO K MINIMUM. LEAD DIAMETER 

iS UNCONTROLLED IN DIMENSION P AND 

BEYOND DIMENSION K MINIMUM, 


—_ 


wm 


C1, C2, C3 — 1.0-10 pF JOHANSON 
Ca — 0.1 uF disc 
C5 — 1.0 uF TANTALUM 
C6 — 0.018 nF chip 
C7 — 1000 pF Feedthru 
Li, L2 — 0.15 ~F Choke 
L3 — Bead Ferrite : 
Z1, Z2 — 0.09" x 0.5” LINE, Zg = 100 0 
Z3 — 0.18" x 1.0” LINE, Zp = 5020 


086 | 0028 
Steg a 


BOARD = 0.032” TEFLONGLASS, 
2r _ 2 5 


_ 
NR 
~_ 
oOo 


CASE 79-04 
TO-205AD 
(TO-39) 
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ELECTRICAL CHARACTERISTICSIT¢ - 2506 unless otherwise noted. 1) 


Characteristic 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 


pete 

(Il¢ = 5.0 mAdc, Ip = 0) 

Collector-Base Breakdown Voltage Sebastes pen 
(1¢ = 100 wAdc, Ig = 0) sf 

Emitter-Base Breakdown Voltage , bane Raat 

(lg = 100 wAdc, Ic = 0) 
(VcE = 15 Vde, Ip = 0) = 

ON CHARACTERISTICS ; : — 

{DC Current Gain . | . ea ah Gam 
(I¢ = 50 mAdc, VcE = 10 Vde) : | 


Collector Cutoff Current 
| Collector-Emitter Saturation Voltage 
(I¢ = 50 mAdc, !p = 5.0 mAdc) — . a . 
“DYNAMIC CHARACTERISTICS } | 
‘Current:Gain — Bandwidth Product 
(I¢ = 100 mAdc, Vcg = 10 Vdc, f = 200 MHz) 
Output Capacitance 
(Veg = 12.5 Vdc, Ie = 0, f = 1.0 MHz) 
FUNCTIONAL TESTS 


Common-Emitter Amplifier Power Gain as _ . Senne! 5) [ae 


(Vcc = 12.5 Vdc, Poyt = 0.75 W, f = 470 MHz) 
Collector Efficiency 

(Veg = 12.5 Vdc, Poyt = 0.75 W, f = 470 MHz) 
Series Equivalent Input Impedance 

(Vcc = 12.5 Vde, Poyt = 0.75 W, f = 470 MHz) © 


Series Equivalent Output Impedance 
(Vcc = 12.5 Vde, Pout = 0.75 W, f = 470 MHz) 


FIGURE 2 — OUTPUT POWER versus INPUT POWER . FIGURE 3 — CURRENT-GAIN — BANDWIDTH PRODUCT ots 
versus COLLECTOR CURRENT 


2500 
VcEH=12.5-V - 
Ta = 259C 
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2. 
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_ 
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Pout, OUTPUT POWER (WATTS) 
ff, CURRENT-GAIN — BANDWIDTH PRODUCT (MHz) 


Pin, INPUT POWER (mW) | ~ le COLLECTOR CURRENT (mA) 


FIGURE 4 —~ OUTPUT CAPACITANCE versus COLLECTOR BASE VOLTAGE 
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FIGURE 5 — S11 and Sg versus FREQUENCY 
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FIGURE 6 — S12 versus FREQUENCY '” FIGURE 7 — Sgq versus FREQUENCY 
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MOTOROLA 
mi SEMICONDUCTOR 
TECHNICAL DATA 


| The RF Line a 


NPN SILICON HIGH FREQUENCY TRANSISTOR 


. . . designed specifically for broadband applications requiring low 
distortion characteristics. Specified for use in CATV distribution 
equipment. . 


® Specified +45 dBmV Output, 60 mA Distortion Characteristics — 
Triple Beat = -72 dB (Max) 
12 Channel Cross Modulation = -57 dB (Max) 
Second Order = -60 dB (Max) 
® Broadband Power Gain — 
Gpe = 10 cB (Typ) 
@ Broadband Noise Figure — 
NF = 7.5 dB (Max) @ f = 300 MHz 


MAXIMUM RATINGS 


Collector-Emitter Voltage VCER 5 

(Reg = 330 &) 

Collector-Base Voltage . VeBO 5 
Emitter-Base Voltage VEBO 5 | de | 

0 


c 

aes c 

ee esa c 

Collector Current — Continuous 

Total Power Dissipation @ Tc = 50°C ae ne 

Derate above 50°C 0.02 W/°C 

Operating Junction Temperature 

c 


THERMAL CHARACTERISTICS . 


Rating 
2 
3 
3 
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Tc, CASE TEMPERATURE (°C) 
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HIGH FREQUENCY 
‘TRANSISTOR 
NPN SILICON’ 


STYLE 1: 
PIN 1. EMITTER 
2. BASE 
3. COLLECTOR 


NOTES: 

1. DIMENSIONING AND TOLERANCING PER ANSI 
Y14.5M, 1982. 

2. CONTROLLING DIMENSION: INCH. 

3. DIMENSION J MEASURED FROM DIMENSION A 
MAXIMUM. 

4. DIMENSION B SHALL NOT VARY MORE THAN 0.25 
(0.010) IN ZONE R. THIS ZONE CONTROLLED FOR 
AUTOMATIC HANDLING. 

5. DIMENSION F APPLIES BETWEEN DIMENSION P 
AND L. DIMENSION D APPLIES BETWEEN 
DIMENSION L AND K MINIMUM. LEAD DIAMETER 
[S UNCONTROLLED IN DIMENSION P AND 
BEYOND DIMENSION K MINIMUM. 


INCHES 


CASE 79-04 
TO-205AB 
(TO-39) 


MRF517 


ELECTRICAL CHARACTERISTICS ANG 25°C unless otherwise noted.) 


g , Characteristic [_Symbot_ [Wi Typ [Max [Unit 


OFF CHARACTERISTICS 
Collector-Emitter Breakdown Voltage 
(1¢ = 5.0 mAdc, |p = 0) 
Collector-Emitter Breakdown Voltage . 
(I¢ = 5.0 mAdc, Rge = 330 Ohms) 
Collector-Base Breakdown Voltage 
oe (ic = 100 wAdc, Ie = 0) 
Emitter-Base Breakdown Voltage 
(Ie = 100 uAdc, Ic = 0) 


Collector Cutoff Current 
(Voce = 15 Vdc, |p = 0) 
ON CHARACTERISTICS 
DC Current Gain ge 
(16 = 60 mAde, Veg = 10 Vde) 
DYNAMIC CHARACTERISTICS © 
Current- Gain — Bandwidth Product 
~ (Ig = 60 mAdc, Vg = 15 Vde, f = 200 MHz) 
Sutput Capacitance = 
(Vep =.15 Vde, IE = 0, f=1 OMe) 
FUNCTIONAL TEST = 
Common-Emitter Amplifier Power Gain 
(VoE = 15 Vde, Ic = 60 mAde, f = 300 MHz! 
piosdhand Noise Figure’ " 
> (VGE= 15 Vae, Ic ='50 mAde, f = 300 ) MHz) 


| : ond Order Distortion 
(VcE= = 15 Vdc, ic = 60: made. Eout = = 445 dBmV, 
Ch 2+-ChG= 212.5 MHz) ange , 


[NCTA Cross Modulation Distortion, 12 Ch’s (2-13) 


(VEE = = 15. Vdc, Ic = 60 mAdc, Fout = = #45 damv, 
"Measured at Ch’s 2. and 13) 2 


; ik Triple. Beat Distortion, 3 Ch's o fae 
- (Veg = 15 Vdc, i¢ = 60 mAde, Equt = +45 dBmV, 
“Ch’s (44.54) = 265 MHz) ee 


R4 C6 
r YT a = RF Output 
an a 
RF Input ee, © 
SS DS 
R DUT Di ener 
. ' C49 
L2 
Q) 
C1 —— 
+VepB L4 
R2 Pes 415 
C3 Vde 
c5 
C1 1.0—10pF JOHANSON L4 VK200 
C2,C6,C7 0:002 uF Ceramic Disk T1 16:1 Bifilar Wound, #20 AWG Enameled Wire, 
C3,C5 0.1 WF, 50 Vde Tantalum Wound ona FERROXCUBE 1041T060-4C4 Core 
- C4 1000 pF Button R1 4.7 k91, 1/4 Watt, 10% 

LI 1 Turn, #20 AWG R2,R3 2722, 1/4 Watt, 5% 
L2 5.6 4H Molded Choke R4 270 £2, 1/4 Watt, 5% 


L 4 # 4a’ ub 
° TOS eee Input/Output Connectors — Type F 


Zo = 75 Ohms 
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FIGURE 4 — COMMON-EMITTER POWER GAIN 
versus FREQUENCY 


FIGURE 3 — TYPICAL RESPONSE CURVE 
(See Figure 2) 
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f, FREQUENCY (MHz) _ 


FIGURE 6 — INPUT CAPACITANCE versus _ 


f, FREQUENCY (MHz) 
FIGURE 5 — CURRENT GAIN BANDWIDTH PRODUCT 
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FIGURE 9 — 2nd ORDER DISTORTION (f1 + fo) versus 
COLLECTOR CURRENT 


fy: Ch 2 (55 MHz) 
fo: Ch 13 (211 MHz) 
f3: Ch R (265 MHz) 


IMD, 2nd ORDER DISTORTION (-dB) 


ic, COLLECTOR CURRENT (mA) 


FIGURE 11 — DIN 45004 CROSS-MODULATION DISTORTION 
120 
118 


Eout, REFERENCE OUTPUT VOLTAGE (dByV) 


110 
108 f1 = Reference Frequency = 265 MHz 
f2 = 271 MHz, Egut(2) = Egut -6 dB 
106 £3 = 273 MHz, Eguz(3) = Egut -6 d8 
104 
102 
100 
-100 8 -96 -92 -88 -84 -80 -76 -72  -68 -64 =-60 


DIN 45004 CROSS MODULATION DISTORTION (dB) 


FIGURE 10 — 12-CHANNEL CROSS MODULATION 
DISTORTION versus COLLECTOR CURRENT 


“a sa i 
Vee = 15 Vdc 
Eout= +45 dBmV (178 mV/Ch) 


+t 


Channel 13 


~~ 


XMOD, CROSS MODULATION DISTORTION (-dB) 


50 60 80 


Ic, COLLECTOR CURRENT (mA) 


70 


FIGURE 12 — TRIPLE BEAT DISTORTION (f4 + fo + f3) versus 
COLLECTOR CURRENT 


ly foe, UE 
Vce = 15 Vde 
Eout = +45 dBmvV (178 mV/Ch) 


! 


TB, TRIPLE BEAT (-dB) 


f4:. Ch 4 (67 MHz) 
fo: Ch 5 (77 MHz) 
f3: Ch A (121 MHz) 


A0 


Ic, COLLECTOR CURRENT (mA) 


FIGURE 13 — HARMONIC DISTORTION (2f, 3f) versus 
COLLECTOR CURRENT 


2f, 3f, HARMONIC DiSTO RTION, (-dB) 


Vce=15Vde _] 


| | 


ic, COLLECTOR CURRENT (mA) 


f = 100 MHz 
Pout (f}=OdBm _| 
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VcE 
(Volts) 


10 


S11 Lo | (s2i| Lo | 1812! L@ | jS22| | 40 | 


(MHz) 


0.538 -152 0.043 49 
0.546 -173 0.064 55 
0.557 163 0.105 60 
0.602 147 0.144 61 


0.625 136 59 


0.626 
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MOTOROLA 
= SEMICONDUCTOR Sea 
TECHNICAL DATA | 


wee | MRF521 
The RF Line | - | MRFC521 
PNP Silicon | MRFS22 


High-Frequency Transistors MRF524 
‘ : | | MRF5211,L 


... designed primarily for use in the high-gain, low-noise small-signal amplifiers for 
operation up to 3.5 GHz. Also usable in applications requiring fast switching times. 
@ High Current Gain-Bandwidth Product — fy = 4.2 GHz (Typ) @ Ic = 50 mAdc 

@ Low Noise Figure @ f = 1 GHz — NF(matched) = 2.8 dB (Typ) 


@ Guaranteed RF Parameters | HIGH FREQUENCY 

e Surface Mounted SOT-143 Offers Improved RF Performance | TRANSISTORS 
Lower Package Parasitics PNP SILICON 
Higher Gain 


Available In Both Standard Profile (MRF5211) and Low Profile (MRF5211L) 
Tape and Reel Packaging Options 


MRFC521 MRF521 MRF522 MRF5211,L 


. Macro-X Case 20-03 | Case 318B-03 
; Case 317-01 | Case 303-01 Style 10 Style 1 
MAXIMUM RATINGS (Note 1) i Style 1 — (TO-72) (SOT-143) 


Values 


Collector Current — Continuous 


Total Device Dissipation @ Ta = 25°C © - 0. pote 2), Watts 

Derate above 25°C : ‘ mWw/PCc 

Total Device Dissipation @ Tc = 75°C Watts 
Derate above 75°C (Note 2) 


Storage Temperature —65 to +200 | —65 to +150 


THERMAL CHARACTERISTICS 


Thermal Resistance, 
Junction to Case 


DEVICE MARKING 
MRF5211 = 04 


ELECTRICAL CHARACTERISTICS 


OFF CHARACTERISTICS oe 
V(BR)CEO 


10 


Collector-Emitter Breakdown Voltage (Ic = 1 mAdc, Ip = 0) Ee de 4 
Collector-Base Breakdown Voltage (ic = 0.1 mAdc, I- = 0) V(BR)CBO 
Emitter-Base Breakdown Voltage (IE = 50 wAdc, Ic = 0) | ViBR)EBO 


Collector Cutoff Current (Veg = 8 Vdc, IE = 0) ICBO 


Notes 1. Voltages and currents for PNP transistors are given for magnitude information only. Polarity is assumed to be opposite (continued) 
that of an NPN transistor. 
2. Case Temperature is measured on the collector lead where it first contacts the printed circuit board closest to the package. 
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ELECTRICAL CHARACTERISTICS — _ continued ae: = 25°C unless Sinmewice noted.) 


Characteristic a 


DC Current Gain (Ic = 30 mAdc, VcE = 5 Vdc) 
DYNAMIC CHARACTERISTICS . ee 


Collector-Base Capacitance -™ oe Figure 7 
(Veg = 6 Vde, le = 0, f = 1 MHz) 


Current Gain — Bandwidth Product | _ Figure7 
(VcE = 8 Vdc, Ic = 50 mA, f = T GHz) 


FUNCTIONAL TESTS 


| Power Gain at Minimum Noise Figure Figure 6 GNFmin 
(VceE = 6V, Ic = 5 mA, f = 500 Mkz) . - MRF524_ 
(Vce = 6V, Ic = 5 mA, f = 1 GHz) MRF521/522/5211,L 
Noise Figure = . Figure 6. NFmin 
(VcE = 6V, Ic = 5 mA, f = 500 MHz)  MRF524 
(VcE = 6V, Ic = 5mA,f = 1 GHz) MRF521/522/5211,L 28 ae 


TYPICAL CHARACTERISTICS 
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MRF521 Series 
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MRF521 Series 
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MRF521 Series 
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MOTOROLA RF DEVICE DATA 


Nominal Chip Size: 0.015” x 0.016” x 0.005” 
Front Metallization: Gold 

Back Metallization: Gold 

Emitter Base Bond Pad: 2.2 x 2.2 mil 
#Emitter Fingers: 22 

#Base Fingers: 23 

Emitter Diffusion: lon-implanted Arsenic 


MOTOROLA | | | 

fa SEMICONDUCTOR xy 
TECHNICAL DATA | | | 
MRF525 


_ The RF Line | 


100—500 MHz BROADBAND 


HIGH FREQUENCY 
_ TRANSISTOR — 


NPN SILICON 


NPN SILICON HIGH FREQUENCY TRANSISTOR, 


.. designed specifically for broadband linear amplifier stages in 
the 100-500 MHz frequency range. 


© Guaranteed Performance at 225-400 MHz, 26 Vdc 
Minimum Gain = 13 dB 
Maximum NF = 4.0 dB 


@ Third Order Intercept +35 dBm (Typ) 
@ Common Emitter TO-39 Type Package 
® S-Parameter Characterization 


PIN 1. COLLECTOR 
2. BASE 
3. EMITTER 


SMEs 1@ 
| -H- | aN 


MAXIMUM RATINGS 


: J 

Rating Symbol _ DIMENSIONING AND TOLERANCING PER ANSI 

Collector-Emitter Voltage VCER- Y14.5M, 1982. 
Ty 


(Ree = 330 2) . CONTROLLING DIMENSION: INCH. 


. DIMENSION J MEASURED FROM DIMENSION A 
Collector-Base Voltage MAXIMUM. . 
Emitter-Base Voltage . DIMENSION B SHALL NOT VARY MORE THAN 0.25 
: i: (0.010) IN ZONE R: THIS ZONE CONTROLLED FOR 
Collector Current — Continuous | te AUTOMATIC HANDLING. 


< 
m 
ie] 


< 
Q 
ow 


oO 


Total Power Dissipation @ Tq = 50°C . DIMENSION F APPLIES BETWEEN DIMENSION P 


Derate above 50°C AND L. DIMENSION D APPLIES BETWEEN 


DIMENSION L AND K MINIMUM, LEAD DIAMETER 


BEYOND DIMENSION K MINIMUM. 
MILLIMETERS 


Storage Temperature Range 


THERMAL CHARACTERISTICS — . 


Characteristic Symbol 5 
Thermai Resistance, Junction to Case Resc 0.165 
0.017 | 0.021 

0.44 0.017 | 0.035 


0.016 


T stg 


Operating Junction Temperature | oT) "JS UNCONTROLLED IN DIMENSION P AND 


CASE 79-05 
TO-206AF 
(TO-39) 


MOTOROLA RF DEVICE DATA ~ 
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MRF525- 


; : ELECTRICAL CHARACTERISTICS er 25°C unless otherwise noted.) 


SrECHuAee | | | 


ae “Collector-Emitter Breakdown Voltage Ce a ee V(BR)CEO 
1 lg = 6.0 mAde,1g=0) | eee 
| Collector-Emitter'Breakdown Voltage V(BRICER 
“ot Ug = 5.0 mAdc,Rge=3300hms) . 
| Collector-Base Breakdown Voltage) pe V(BR)CBO 
- (lg = 0.1 mA, Ie = 0) . oR 
Emitter- Base Breakdown Voltage. ; Oe ages 7 ne eae ee 
(ie=01mA,I¢=0) 2 ofS et ae 


Collector Cutoff Current 
(Vee = 15 Vdc, |g = 0) 
ON CHARACTERISTICS 
“pc Current. Gain’ oe 
(Ig = 80 mAdc, Vee =! 10 Vde) » 
> DYNAMIC CHARACTE RISTICS 


Current- Gain - — Bandwidth Product 
Ag = 50 mAdc, Vice e 20 Vde, f= 200 Mc 


. Output Capacitance 
(Veg =. 10 Vde, IBS 0, f = 4 1.0 MHz) 


“FUNCTIONAL TEST — “BROADBAND (Figure. i 


Common- Emitter. Amplifier Power Gain. ; eget aerdee 
(Vee = 26 Vde, Pin 5 0.d8m, f = 400 Miah ee 


a Broadband Noise. Figure~ eae 
_ Vee * (26.Vde, f= 400 Miz) 


ie | haber aa Fee ae On Ste 
a EU ees | Co BE 
: ee ; - ae ¢ Output 
‘Input 

C2 a 
L4 
|. oy 
C3 R3 
—O +26 Vdc. 
R4 R5 
C1, C2 — 2.5-11 pF Erie Ceramic Variable: RG ~— 120 © 1/2 Watt Carbon 


C3 — 47 uF 6.0 Volt Electrolytic 

C4, C5 — 1000 pF Feedthru 

C6 — 470 pF Ceramic Chip 

C7 — 5.5-18 pF Erie Ceramic Variable 


R1 — 150 &2.1/8 Watt Carbon 
R2 — 100 $2. 1/8 Watt Carbon | 
R3, R4 — 10 k22 1/8 Watt Carbon “Transistor Under Test 

R5 — 3.3 kf. 1/8 Watt Carbon te = 47 mAdc (Nominal) 


L1~.1 Turn #24, 0.125 mil ID 

L2, L4 — 0.47 “WH Molded Choke 
3 — 2 Turns #24, 0.125 mil ID 

L5 — 4 Turns #24, 0.125 mil ID 


Q2 — 2N2907A 
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FIGURE 3 — CURRENT GAIN BANDWIDTH PRODUCT 


FIGURE 2 — COMMON-EMITTER POWER GAIN (Gmax) 


versus FREQUENCY 


Vee = 13.6V— 


versus COL LECTOR CURRENT 


(ap) **45 


Ic, COLLECTOR CURRENT (mA) 


f, FREQUENCY (MHz) 


FIGURE 5 — 1.0 dB GAIN COMPRESSION OUTPUT 


FIGURE 4 — BROADBAND AMPLIFIER RESPONSE 


versus FREQUENCY 
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shown in Figure 1. 
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S—PARAMETERS 


VcE Ic Frequency | sn 
(Volts) (mA) (MHz) S111 Le 


a 


MOTOROLA RF DEVICE DATA 
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MOTOROLA 
MRF531 


| The RF Line | 


HIGH FREQUENCY 
TRANSISTOR 


NPN SILICON HIGH FREQUENCY TRANSISTOR NPN SILICON 


.. designed for high voltage and high current fT switching appli- 
cations. These devices are also ideal for CRT drivers. 


@ High Collector-Emitter Breakdown Voltage — 


V(BR)CEO = 100 Vdc (Min) @ Ic = 10 mAdc | 
@ High Current-Gain — Bandwidth Product — 
fT = 800 MHz (Typ) @ Ic = 50 mAdc 
@ Characterized with Safe Operating Area (SOA) Curves HE 
MAXIMUM RATINGS | 
i 


Coliector-Emitter Voltage VCEO ae cee 
Collector-Base Voltage VcBoO ae ae oe 
Emitter-Base Voltage VEBO 


Total Device Dissipation @ Tc = 25°C Watts 
Derate above 25°C _ 
Storage Temperature Range T stg 65 to +200 | 


THERMAL RAR weee 


[Charactorinie ‘Symbol We sm fi[ssmne SRST 
| Thermal Resistance, Junction to Case R PIN 1. EMITTER - 
Ge a ne ee Pee id ae 
3, COLLECTOR 
ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted). KD 
M 

Symbol [ Min [ Typ | Mex] Unit ] > 

OFF CHARACTERISTICS NOTES: J 


1. DIMENSIONING AND TOLERANCING PER ANS! 
Y14.5M, 1982. 

. CONTROLLING DIMENSION: INCH. 

. DIMENSION J MEASURED FROM DIMENSION A 
MAXIMUM. 

. DIMENSION B SHALL NOT VARY MORE THAN 0.25 
(0.010) IN ZONE R. THIS ZONE CONTROLLED FOR 
AUTOMATIC HANDLING. 

. DIMENSION F APPLIES BETWEEN DIMENSION P 
AND L. DIMENSION D APPLIES BETWEEN 
DIMENSION L AND K MINIMUM. LEAD DIAMETER 
1S UNCONTROLLED IN DIMENSION P AND 
BEYOND DIMENSION K MINIMUM. 


Collector-E mitter Breakdown Voltage 
(I¢ = 10 mAdc, Ip = 0} 


Collector Cutoff Current 
(VcE = 75 Vdc, Veg = 0) 


‘ON CHARACTERISTICS 


Collector-Emitter Saturation Voltage 
(t¢ = 10 mAdc, Ip = 1.0 mAdc) 


DYNAMIC CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(ig = 50 mAdc, Veg = 25 Vde, f = 100 MHz) | 


CASE 79-04 
TO-205AD 
(TO-39) 


Input une 


(VBE = 3.0 Vdc, Ic = 0, f = 1.0 MHz) 


DC Current Gain 
(1c = 5.0 mAdc, VcgE = 10 Vdc) 
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FIGURE 1 — CURRENT-GAIN — BANDWIDTH PRODUCT 


FIGURE 2 — INPUT Perec ANee 
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MOTOROLA | oa | 
TECHNICAL DATA 


The RF Line seepage ay | MIRF542 
NPN Silicon — * | ae MRFS48— 
High Frequency Transistors 


. designed primarily for high frequency common base applies used in medium and : 


high resolution color video display monitors. HIGH FREQUENCY. 


” | TRANSISTORS 
@ High Collector-Base Breakdown Voltage ViBR)CBO = 120 V (Min) | a ae NPN SILICON - 
® Stripline Opposed Base Construction | . ~~ > 

@ Common Base Insertion Gain = 5.5 dB (Typ) 

@ Package Options for Low Cost (MRF542), High Power piecipanod (MRF548) 
@ Die Source Same as MRF544 ; 

@ Emitter Ballasted for Improved Ruggedness 


MAXIMUM RATINGS 


Rating . —. - MRF542 
CASE 317D-02, STYLE 3 


Collector-Emitter Voltage ; PLASTIC 
Collector-Base Voltage 

Emitter-Base Voltage 

Collector-Current — Continuous 


Operating Junction Temperature MRF542 
MRF548 


Total Device ‘Dissipation @ Tc = 75°C (1,2) MRF542 ; MRF548 ie 
MRF548 CASE 244A-01, STYLE 3 


Derate above 75°C MRF542/548 (TO-117) 


CERAMIC 
Storage Temperature Range 


THERMAL CHARACTERISTICS 


a 
ewe 


Thermal Ascitance: Sunetion to Case 


Characteristic 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage (ic = 1 mAdc, Ip = 0) V(BR)CEO Se 
Collector-Base Breakdown Voltage (lc = 0.1 mAdc, Ig = 0) V(BR}CBO | | 


Emitter-Base Breakdown Voltage (lp = 0.1 mAdc, Ic = 0) eer 
Collector Cutoff Current (Vce = 80 Vdc, Vge = 0, Tc = 25°C) | ices =| si 

Collector Cutoff Current (Vcg = 80 Vdc, IE = 0) | icpo SO] sd 
ON CHARACTERISTICS | 


DYNAMIC CHARACTERISTICS 

[ Output Copactance Wop = 10Vacte=0t=1Mid | ce» | — | 28 | — | oF | 
Collector- Base Capacitance (Vcg = 10 Vdc, Fn = 0, f = 1 MHz) oe ee ee ee 

input Capacitance Veg = Svdcf= 1M «| SYS | es |) 


FUNCTIONAL TESTS 


Common Base Gain (Vcg = 10 V, Ic = 100 mA, f = 250 MHz) ISo2 | 45 | 55 [| — | a. 


(1) Tc, Case temperature measured on collector lead immediately adjacent to body of package. 
-(2) The MRF542 PowerMacro must be properly mounted for reliable operation. AN938, “Mounting Techniques in PowerMacro Transistor,” discusses 
methods of mounting and heatsinking. 


MOTOROLA RF DEVICE DATA 


2-717 


MRF542, MRF548 
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Figure 4. Junction Capacitance versus Voltage 


Figure 3. Power Dissipation versus Temperature 
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MOTOROLA 


= SEMICONDUCTOR om 


TECHNICAL DATA 


The RF Line 
PNP Silicon i : 
High Frequency Transistors — 


aa . designed primarily for high frequency common base amplifiers used in medium and 
high resolution color video display monitors. . : aia ue 


; M RF543 


HIGH FREQUENCY — 
"TRANSISTORS — 


@ High Collector-Base Breakdown Voltage ViprRycBo = 100 V (Min) ; 
PNP SILICON ~ 


® Stripline Opposed Base Construction —_. 

@ Common Base Insertion Gain = 5.5 dB (Typ) ee 
® Package Options for Low Cost (MRF543), High Power Dissipation (MRF549) 

® Die Source Same As MRF545 . | = | | 

® Emitter Ballasted-for Improved Ruggedness 


MAXIMUM RATINGS (Note 1) ae . 
Rating 


Collector-Emitter Voltage Ge ag 
_ MRF543.__ 
CASE 317D-02, STYLE 3 

PLASTIC. 


Operating Junction Temperature . MRF543 Ty 150 a 
. | MRF549 200 6 
Total Device Dissipation @ Tc = 75°C (2,3) MRF543 3 MW 
MRF549 5 
Derate above 75°C . . MRF543/549 40 


Storage Temperature Range —65to + isd) Ae, 


THERMAL CHARACTERISTICS 


. MRF549. , 
CASE 2444-01, STYLE 3 . 
(TO-117) 7 
CERAMIC 


Characteristic 


Thermal Resistance, Junction to Case’ 


ELECTRICAL CHARACTERISTICS (Te = 25°C unless otherwise noted. Note 1.) 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage (Ic = 1 mAdc, Ip = 0) | Vienrceo | 72 | — | — | Vac | 
Collector-Base Breakdown Voltage (Ic = 0.1 mAdc, Ig = 0) /vericao | 100 «| 6— | |e 
Emitter-Base Breakdown Voltage (lp = 0.1 mAdc, Ic = 0) | Verepso | 3 | — | — | vac | : 
Collector Cutoff Current (Vce = 80 Vde, Veg = 0, Tc = 25°C) | tices | — | — {| 100 | pAde | 
[Callector Cutoff Curent Vee =00Vec1e= 0) ~*~ ego | | | 2 | ne 


ON CHARACTERISTICS 


DYNAMIC CHARACTERISTICS 

output Capactance Weg = v0 Viele = 0f= iwi ‘| tp [=| 98 [= | oF 
Conestor suse Capectance cg = 10Vae ig =0.f=1Wid [| Cw | — [2 | a8] oF | 
input Capectance veg = 3 Vée,f= ink «Yt | 08 


FUNCTIONAL TESTS 


Common Base Gain (Vcg = 10 V, Ic = 100 mA, f = 250 MHz) ISoal2 | 45 | oss | 6) [oC 


Notes 1. Voltages and currents for PNP transistors are given for magnitude information only. 
Polarity is assumed to be opposite that of an NPN transistor. 
2. Tc, Case temperature for MRF543 measured on collector lead immediately adjacent to body of package. 
3. The MRF543 PowerMacro must be properly mounted for reliable operation. AN938, ‘‘Mounting 
Techniques in PowerMacro Transistor,” discusses methods of mounting and heatsinking. 
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Figure 2. Input Capacitance versus Voltage 


Vee, COLLECTOR-EMITTER VOLTAGE a 
Figure 1. Safe Operating Area 
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Figure 4. Junction Capacitance versus Voitage 


_ Tc, CASE TEMPERATURE (°C) 
Figure 3. Power Dissipation versus Temperature 
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MOTOROLA 


a SEMICONDUCTOR 


TECHNICAL DATA 


TheRFLine 
NPN Silicon ~— 
‘High Frequency Transistors | 


di | i . @ 50 mA _ 
ISp ay monitors... : an . “ HIGH FREQUENCY: ats 
Emitter Ballasting for Improved Ruggedness 


. designed for high-frequency and medium and high resolution color video 


High Power Gain — GU(max) = 16.5 dB (Typ) @ f = 500 MHz 
lon Implanted a 
High Collector Base Breakdown Voltage — V(gR)CBO, 120 V (Min) 
High ff — 1400 MHz eae . Le 

State-of-the-Art Technology Fine Line Geometry 

Gold Top Metallization 

Silicon Nitride Passivation 


-MRF544_ 
MRFC544 


- ff = 1400 MHz (Typ) 


.. TRANSISTORS | 


MRF544 
CASE 79-04 
STYLE 1 
TO-205AD 


(TO-39) : 


MAXIMUM RATINGS 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) = ee eS ee ee 
PCat «| Svmbot [Min |Top | Mex [Unt 
OFF CHARACTERISTICS 
[collector Emiver Breakdown Volage c= 1mAdsie= 0 | Wienceo | 7 | — | — | vae 
Fcatlestor-Bose Breakdown Voltage ic = 100 wAds Ie =0) | Weryeso | 20 | — | — | vee 
[Eminer Bese Breakdown Votage (ie = T00Adc.ic= 0 | Weneso | 3 | — | — | ve 
[cotectr Cutoff Current Woe = 80Vde Var = OTe = 750 | toes | — | — | 100 | made 
Collector Cutoff Current (VcB = 80 Vdc, Ip = 0) | icco | | OU] Ad 


ON CHARACTERISTICS 
ee ee ee ee 


DC Current Gain (i¢ = 50 mA, Vcge = 10 Vdc) hFE 
DYNAMIC CHARACTERISTICS 


Output Capacitance (Vcp = 10 Vdc, IE = 0, f = 1 MHz) 
Junction Capacitance (VcR = 10 Vdc, IE = 0, f = 1 MHz) 
Input Capacitance (Veg = 3 Vdc, Ic = 0,f = 1 MHz) 


Current Gain-Bandwidth Product 
(le = 50 mA, VceE = 10 V, f = 250 MHz) 


FUNCTIONAL TESTS 


Maximum Available Gain 
(i¢ = 50 mA, VceE = 10 V, f = 250 MHz) 


Insertion Gain 
(i¢ = 50 mA, Veg = 10 V, f = 250 MHz) 


MOTOROLA RF DEVICE DATA 


2-721 


MRF544, MRFC544 


TYPICAL CHARACTERISTICS 


(aP) NIVD 


Ic, COLLECTOR CURRENT (mA) 


f, FREQUENCY (MHz) 


Figure 2. Gain-Bandwidth Product versus — 


Figure 1. Power Gain versus Frequency 
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Figure 3. Cj, Input Capacitance versus Voltage | 


Figure 4. Junction Capacitance versus Voltage 
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t, TEMPERATURE (°C) 


Figure 5. Dissipation versus Temperature 


Figure 6. Safe Operating Area 
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MIRF544, MRFC544 


Figure 7. Input/Output Reflection Coefficient Figure 8. Forward/Reverse Transmission 
ae * versus Frequency (GHz) . Coefficients versus Frequency (GHz) 


VcE=10V Ic = 50mA VcE = 10V Ic = 50mA 


COMMON EMITTER S-PARAMETERS 


VcE 
(Volts) 
10 25 
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MOTOROLA | | 
= SEMICONDUCTOR oxy 
TECHNICAL DATA | - | 


MRF545— 


The RF Line MRFC545 
PNP Silicon | | 


High Frequency Transistors 


fr = 1250 MHz (TYP.) 


... designed for high-frequency and medium and high resolution color video @ 50 mA 

display monitors. HIGH FREQUENCY 

@ Emitter Ballasting for Improved Ruggedness TRANSISTORS 

@ High Power Gain — GU(max) = 15-5 dB (Typ) @ f = 250 MHz PNP SILICON 

@ lon Implanted 7 

@ High Collector Base Breakdown Voltage — V(BR)CBO, 100 V (Min) 

@ High ff — 1250 MHz (Typ) 

® State-of-the-Art Technology MRF545 
Fine Line Geometry CASE 79-04 
Gold Top Metallization STYLE 1 
Silicon Nitride Passivation . TO-205AD 


(TO-39) 


MAXIMUM RATINGS (Note 1) 


200 


Storage Temperature Range 


Note 1. Voltages and currents for PNP transistors are given for magnitude information only. Polarity is assumed to be opposite that of an NPN transistor. 


MOTOROLA RF DEVICE DATA 
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MRF545, MRFC545 


ELECTRICAL CHARACTERISTICS (Note 1, Tc = 25°C unless otherwise noted.) 
anaes eS BR 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage V(BR)CEO 70 vi 
_ (ic. = 1 mAdc, Ig = 0) | 
Collector- Base Breakdown Voltage V(BR)CBO ae ete 

_ (I¢ = 0.1 mAdc, IE = 0) - . 


Emitter-Base Breakdown Voltage a eee 


Collector Cutoff. Current 
(VcE = 80 Vde, VBE = 0, Tc = 25°C) 


Collector Cutoff Current 
(Vcp = 80 Vdc, I— = 0) 


ON CHARACTERISTICS . 


~ DC Current Gain | hee 
(ic = 50 mAdc, VcE = 10 Vdc) 


DYNAMIC CHARACTERISTICS 


Output Capacitance » 
(Vcp. = 10 Vde, Ie = 0, f = 1 MHz) 


Junction Capacitance Cob 2° 2.5 pF 
(VcR = 10 Vde, Ie = 0, f = 1 MHz) . 

Input Capacitance Cib 10 pF 
(VER = 3Vde, Ic = 0, f = 1 MHz) 

Current Gain-Bandwidth Product fr 1000 1250 MHz 
(I¢:= 50 mA, VCE = 25 V,f = 250 MHz) 


FUNCTIONAL TESTS 


Maximum Available Gain 
(ic = 50 MA, Vcg = 25 V, f = 250 MHz) 


Insertion Gain 
(Ic = 50 mA, Vce = 25 V, f = 250 MHz) 


Note 1. Voltages and currents for PNP transistors are given for magnitude information only. 
Poiarity is assumed to be opposite that of an NPN transistor. 


; (So4/2 
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GAIN (dB) 
f7, GAIN BANDWIDTH PRODUCT (MHz} 
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f, FREQUENCY (MHz) Ic, COLLECTOR CURRENT (mA 
Figure 1. Power Gain versus Frequency Figure 2. Gain-Bandwidth Product versus 


Collector Current 
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MRF545, MRFC545 
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Vep, EMITTER oe VOLTAGE M 


Figure 4. Junction Capacitance versus Voltage 


Figure 3. Input Capacitance versus Voltage 
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Figure 6. Safe Operating Area 


Figure 5. Dissipation versus Temperature 


MOTOROLA RF DEVICE DATA 
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MRF545, MRFC545 


KY 


Figure 7. Input/Output Reflection Coefficient 


versus Frequency (GHz) . 
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Figure 8. Forward/Reverse Transmission 
Coefficients versus Frequency _ 
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MOTOROLA RF DEVICE DATA 
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MOTOROLA 


a SEMICONDUCTOR mm 
TECHNICAL DATA 


| | |  MRF546 
The RF Line | 


NPN Silicon 
High Frequency Transistor HIGH FREQUENCY 


TRANSISTOR 
NPN SILICON 


... designed for high current, high frequency common base amplifiers used in medium 
and high resolution color video display monitors. 


Stripline Opposed Base Construction 
Die Source 2X Common Base MRF548 
Common Base Insertion Gain = 6 dB (Typ) 


High Collector-Base Breakdown Voltage VipR)CBO = 120 Vdc (Min) 
Emitter Ballasted For Improved Ruggedness 
Gold Top Metallization . 


Sil tae: ae aeee 
ilicon Nitride Passivation CASE 244A-01, STYLE 3 


Collector-Emitter Voltage Sake 
Emitter-Base Voltage 


Operating Junction Temperature 


MAXIMUM RATINGS 


VEBO 
IC 
Pp 9 Watts 
72 mWw/°C 


Characteristic Symbol | Max =| Unit | 
Thermal Resistance, Junction to Case Rac °C/W 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 


CCharaceriso ————«d:CSymbot |in | Typ | Moe [Unt 
OFF CHARACTERISTICS 

"collesormiter Breakdown Vokage ig = 2madele=0 | Wemcco] 7 | — | — | vee | 
[Collet ase Breakdown Votage ic = 02 made ie —0) | Wenyceo | _12_| _— | — | ve 
Emitter-Base Breakdown Voltage (IE = 0.2 mAdc, Ic = 0) |Vipriepso| 3 | — | — | Va | 
Collector Cutoff Current (VcE = 80 Vdc, Veg = 0, Tc = 25°C) | ices | — | — | 200 | pAde | 
[ColectorCuohfCumentivee = 80 Véele=0 ———*dt tego | — | — | 0 | nade | 
ON CHARACTERISTICS 
[DE Curent Gain ic = 100 made Vor=wovea ———S~SidtCe ST | Od 
DYNAMIC CHARACTERISTICS 

Output Capacitance (Vcp = 10 Vdc, Ig = 0, f = 1 MHz) 


Total Device Dissipation @ Tc = 75°C 
Derate above 75°C 


Storage Temperature Range 


THERMAL CHARACTERISTICS 


Collector-Base Capacitance (Vcg = 10 Vdc, Ie = 0, f = 1 MHz) 


Input Capacitance (Veg = 3 Vdc, f = 1 MHz) 
FUNCTIONAL TESTS 


Common Base Gain (Vcg = 10 V, Ic = 200 mA, f = 250 MHz) S242 a5 | 6 | — | a | 


MOTOROLA RF DEVICE DATA 
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MRF546 


eraaranrcal 


RERRRCREDZARER) 
ATT 
HY 


co = ~ 
(vw) LNFYHND 401937109 9} 


Vce, COLLECTOR-EMITTER VOLTAGE (Vdc) 


Te. CASE TEMPERATURE (°C) 


Figure 2. Power Dissipation versus Peminersture 


Figure 1. Safe Operating Area 
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f = 1MHz 


f = 1 MHz 


NS >—UlUCOOU ONO 
aii, 


oS aS So oS 
wv oO N -_ 


(44) FONVLIOWdY) LNdNI ‘Jo 


Oo 


ALITY. 


Vcp, COLLECTOR-BASE VOLTAGE (Vdc) 


Vep, EMITTER-BASE VOLTAGE (Vdc) 


Figure 4. Junction Capacitance 


Figure 3. input Capacitance versus Voltage 


versus Voltage 


MOTOROLA RF DEVICE DATA 
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MOTOROLA _ 
SEMICONDUCTOR @= 
TECHNICAL DATA 


| MRF547 
The REF Line | 

PNP Silicon 
rian Frequency Transistor | HIGH FREQUENCY 


TRANSISTOR 
PNP SILICON 


... designed for high-current, high-frequency common base amplifiers used in medium 
and high resolution color video display monitors. 


@ Stripline Opposed Base Construction 

® Die Source 2X Common Base MRF549 

® Common Base Insertion Gain = 5.5 dB (Typ) 

® High Coilector-Base Breakdown Voltage VipR)CBO = 100 Vdc (Min) 
@ Emitter Ballasted For Improved Ruggedness 

@ Gold Top Metallization at 

® Silicon Nitride Passivation 


MAXIMUM RATINGS (Note 1 


Tota! Device Dissipation @ Tc = 75°C 
Derate above 75°C 


Storage Temperature Range . 


THERMAL CHARACTERISTICS | 


Characteristic 


Thermal Resistance, Junction to Case 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted. Note 1.) 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage (Ic = 2 mAdc, lp = 0) V(BR)CEO | 7 | ud] 
Collector-Base Breakdown Voltage (ic = 0.2 mAdc, IE = 0) V(BR)CBO | wo | — | = | Vde 
Emitter-Base Breakdown Voltage (IE = 0.2 mAdc, Ic = 0) V(BR)EBO 3 PF = [| = | 


Collector Cutoff Current (Vcg = 80 Vdc, Vge = 0, Tc = 25°C) ices | - 
Se 


Collector Cutoff Current (VcgR = 80 Vdc, Ig = 0) 
ON CHARACTERISTICS 


DYNAMIC CHARACTERISTICS 


Output Capacitance (Vcg = 10 Vde, Ip = 0, f = 1 MHz) 


Collector-Base Capacitance (Vcg = 10 Vdc, ig = 0, f = 1 MHz) 


Input Capacitance (Veg = 3 Vdc, f = 1 Mhz) 
FUNCTIONAL TESTS 


Note 1, Voltages and currents for PNP transistors are given for magnitude information only. Polarity is assumed to be opposite that of an NPN transistor. 
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MRF547 
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BERRE PAR: 
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co N 
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Tc, CASE TEMPERATURE (°C) 


Vee, COLLECTOR-EMITTER VOLTAGE (Vdc) 


Figure 2. Power Dissipation versus Temperature 


Figure 1. Safe Operating Area 
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Vcp, COLLECTOR VOLTAGE (Vdc) 


Vep, EMITTER-BASE VOLTAGE (Vdc) 


Figure 4. Junction Capacitance versus Voltage 


Figure 3. Input Capacitance versus Voltage 


MOTOROLA RF DEVICE DATA 


2-731 


MOTOROLA 


aa SEMICONDUCTOR mam 


TECHNICAL DATA 


7 ~The RF Line 


NPN SILICON RF LOW POWER TRANSISTOR 
.. designed primarily for wideband large signal predriver stages 
in the VHF frequency range. 


® Specified @ 12.5 V, 175 MHz Chatactenelcs 
Output Power = 1.5 W 
Minimum Gain = 11.5 dB 
Efficiency 60% (Typ) 

® Cost Effective PowerMacro Package 


® Electroless Tin Plated Leads for Improved Solderability 


MAXIMUM RATINGS 


Collector-Current — Continuous 


Total Device Dissipation @ Tc = 75°C (1,2) 
Derate above 75°C mW/°C 


THERMAL CHARACTERISTICS 


Characteristic 
Thermal Resistance, Junction to Case 


(1) Tc, Case temperature measured on collector lead immediately adjacent to body of package. 

(2) The MRF553 PowerMacro must be properly mounted for reliable operation. AN938, 
“Mounting Techniques for PowerMacro Transistor,” discusses methods of mounting and 
heatsinking. . 


MOTOROLA RF DEVICE DATA 


2-732 


MRF553 


1.5 W 175 MHz 


RF LOW POWER 
TRANSISTOR 


NPN SILICON 


PIN 1, COLLECTOR 
2, EMITTER 
3. BASE 
4, EMITTER 


NOTES: 
1. DIMENSIONING AND TOLERANCING PER ANS! 
Y14.5M, 1982. 
2. CONTROLLING DIMENSION: INCH. 
3, LEAD DIMENSIONS UNCONTROLLED WITHIN 
DIMENSION N AND R. 


ao ae ~] 


| MILLIMETERS INCHES 


Lom MIN | MAX | MIN | MAX | 
1 4.45 5.20 0.175 0.205 


191 | 284 | 0.075 | 0.100 | 


| 084 | 099 | 0.033 | 0.039 

246 | 2.64. [oos7 1 0.104 

884 | 9.72 | 0.348 | 0.383 
| 

0.21 030] 0.008 | 0012 | 


; 
0 
F 
H 
J 


[Kx | 7.24 | 8.12 [028s | 0.320 
N 1.65 0.065 


pate 38 0.025 gel BE 


CASE 317D-02 


MRF553 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 


eae oho 2 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage | 
(ic = 10 mAdc, Ip = 0). 


Collector-Emitter Breakdown Voltage - 
(I¢ = 5.0 mAdc, VBE = - 0) | 


Collector-Base Breakdown Voltage 
(I¢ = 5.0 mAdc, Iz = 0) 


Emitter-Base Breakdown Voltage . 
(IE = 1.0 mAdc, Ic = 0) 


Collector-Cutoff Current 
(VcE = 15 Vde, Vee = 0,.Tc = 


ON CHARACTERISTICS . 


DC Current Gain | . ~ 
(i¢ = 250 mAdc, Vcg = 5.0 Vde) 


DYNAMIC CHARACTERISTICS 


Output Capacitance 
(VcB = 10 Vdc, Ie = 0, f = 1.0 MHz) 

FUNCTIONAL TESTS 

Common-Emitter Amplifier Power Gain Figure 1,2 
(Vec = 12.5 Vde, Pout = 1.5 W, f = 175 MHz) 

Collector Efficiency | Figure 1,2 
(Vcc = 12.5 Vde, Pout = 1.5 W, f = 175 MHz) 


Load Mismatch Stress . No Degradation in 
(Vcc = 12.5 Vde, Pout ; ; 175 MHz, VSWR = 10:1 All Phase Output Power 
Angles) 


Gent al Al Bk 
ince cl Daal aa 
Sse! ll 
rea i ll 


25°C) 


FIGURE 1 — 140-175 MHz BROADBAND CIRCUIT SCHEMATIC. 
: | | |  5xB. 


12.5 V D1 oe en LO. Nad 12.5 V 
BB /~ a a ee }+ 
[ - oom se 1 | 
.L5: | ae Geese 
ee 
C4 r 4 1 me" | 
: a TUT. 1 | oy | 
ere = | 1 a" s aa BP 2 
RE ~~ L1 } ls 4 (\ ar a L7 Ne Output 
Input ow, | ae 
sis ee CE ce eee 
C1 C3 eer nee 
C1 —36 pF Mini Underwood .° ~~~: L1— 3. Turns, #18 AWG, 0.210" ID, 3/16” Length 
C2 — 47 pF Mini Underwood — L2, L4, L7 — 0.62”, #18 AWG Wire Bent into “V" 
C3 — 91 pF Mini Underwood ~ L3, L6 — 60 x 125 x 250 Mils Copper Pad on 27 Mils Thick Alumina Substrate 
C4 — 68 pF Mini Underwood L5 — 12 nH Molded Choke 
C5, C9 — 1.0 uF Erie Red Cap Capacitor L8 — 7 Turns, #18 AWG, 0.170" ID, 7/16” Length 
C6, C10 — 0.1 uF, 35 V Tantulum L9 — 1.0", #18 AWG Wire with 5 Ferrite Beads 
C7 — 470 pF Chip Capacitor B — Ferrite Bead 
C8 — 2200 pF Chip Capacitor Board Material — Glass Teflon, er = 2.56, t = 0.0625” (See Photomaster, Figure 3) 


R1 — 4.7 kQ, 1/4 W 
R2— 100 ©, 1/4 W 
D1 — 1N4148 Diode 
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MRF553 


FIGURE 2 — 140-175 MHZ BROADBAND CIRCUIT 


NOTE: The Printed Circuit Board shown is 75% of the original. 


MOTOROLA RF DEVICE DATA 


9-734 


MRF553 


FIGURE 4 — TYPICAL PERFORMANCE IN 
BROADBAND CIRCUIT 
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FIGURE 5 — Zj, AND Zo, versus COLLECTOR VOLTAGE, INPUT POWER, AND OUTPUT POWER 


ZOL 
(ee 
TSS Voc = 7.5 V: Pin Ps ee a re pa ee Voc = 125 V; Pin Voc =75V: Pot || Vcc = 125 Vs Pot 
“ke ne aa iL sas it, [we [ow | caw [ow Phat 
MHz 
ee ae ae ee ee 


ZoL 
ae ee 
f Neg = 75V;Pin = 7.5 V; Pin | Veg = 125V; Pin = 12.5 V; Pin | Mec =75V; Pout | = 7.5 V; Pout Vec = 12.5 V; Veg = 125; Pout 
Frequency 
_ MHz 100 mW 


1.6-j10.7 | 2.5-j7. 2-j1. 31.8-}9.2 


30.2-}10.7 45.8-j7.2 45.2-|3.9 


*ZOL = Conjugate of the optimum load impedance into which the device operates at a given output power, voltage and frequency. 
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MRF553 


FIGURE 7 — POWER OUTPUT versus POWER INPUT 


FIGURE 6 — POWER OUTPUT versus POWER INPUT 
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Pin, POWER INPUT (mW) 


Pins POWER INPUT (mW) 


FIGURE 9 — POWER OUTPUT versus FREQUENCY 


FIGURE 8 — POWER OUTPUT versus FREQUENCY 


(SLIWM) LAdLNO HaMOd 274 


f, FREQUENCY (MHz) 


f, FREQUENCY (MHz) 


FIGURE 11 —- POWER OUTPUT versus COLLECTOR 


FIGURE 10 — POWER OUTPUT versus COLLECTOR 


VOLTAGE 


VOLTAGE 


(SLIWM) inaino WIMOd cs 


Vcc, COLLECTOR VOLTAGE (Vdc) 


Vcc, COLLECTOR VOLTAGE (Vdc) 


MOTOROLA RF DEVICE DATA 
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MOTOROLA 
TECHNICAL DATA 


The RF Line ae MIRF555 
NPN Silicon 
RF Low Power Transistor 


1.5 W 470 MHz 


... designed primarily for wideband large signal predriver stages in the UHF frequency RF LOW POWER 
range. | | TRANSISTOR 
@ Specified @ 12.5 V, 470 MHz Characteristics @ Poyt = 1.5 W | NPN SILICON 


Common Emitter Power Gain = 12.5 dB (Typ) 
Efficiency 60% (Typ) 

®@ Cost Effective PowerMacro Package 

® Electroless Tin Plated Leads for Improved Solderability 


MAXIMUM RATINGS 
Rating 


Total Device Dissipation @ Tc = 75°C (1, 
Derate above 75°C 


2) 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) | 


a 
OFF CHARACTERISTICS . 
Were [16 [= [=] vee 


Collector-Emitter Breakdown Voltage (Ic = 5 mAdc, Ip = 0) 
Collector-Emitter Breakdown Voltage (Ic = 5 mAdc, Vee = 0) | Viprices | 36 | — | — | Vac | 
Collector Cutoff Current (VcE = 15 Vdc, Veg = 0, Tc = 25°C) ICES 
ON CHARACTERISTICS 


DC Current Gain lig = 100 mAde, Veg = 5 Vde) [he [| | 200 | 


DYNAMIC CHARACTERISTICS 


FUNCTIONAL TESTS (f = 470 MHz) 


yy No Degradation in Output Power 


Load Mismatch Stress 
(Vcc = 15.5 Vde, Pin = 125 mW, 
VSWR = 10:1 all phase angles) 


(1) Tc, Case temperature, measured on collector lead immediately adjacent to body of package. 
(2) The MRF555 PowerMacro must be properly mounted for reliable operation. AN938, “Mounting Techniques in PowerMacro Transistor,” discusses methods 
of mounting and heatsinking. 


MOTOROLA RF DEVICE DATA 


2-737 


MIRF555 


L5 


. 13 05 
! ' it (i 
INPUT i L2 | ‘9 ey, ae 


\e? Pals \ hy, 7 iM opewer 
DUT OUTPUT 
: C6 


*C1, C3, C6 — 0.8-11 pF Johanson L1— 5 Turns #21 AWG, 5/32” |.D. 

C2 — 15 pF Clamped Mica, Mini-Underwood L2, L383 — 60 x 125 x 250 Mils Copper Pad on 27 Mil Thick 
C4 — 36 pF Clamped Mica, Mini-Underwood Alumina Substrate 

C5 — 470 pF Ceramic Chip Capacitor L4, L5 — 7 Turns #21 AWG 5/32" I|.D 


C7 — 91 pF Clamped Mica, Mini-Underwood Z1 — 1.29” x 0.16” Microstrip 
C8 — 68 pF Clamped Mica, Mini-Underwood Z2 — 0.70" x 0.16" Microstrip 


C9 — 1 uF, 25 V Tantalum Z3 — 2.18" x 016” Microstrip 

B — Bead, Ferroxcube 56-590-65/3B PCB — 1/16” Glass Teflon, 1 oz. cu. clad, 
double sided, e, = 2.5 

*Fixed tuned for broadband response. (See Figure 5 — Photomaster) 


Figure 1. 400-512 MHz Broadband Circuit 
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f, FREQUENCY (MHz) 


Figure 2. Performance in Broadband Circuit 


ZoL* 
Ohms 


Vec = 75V Vcc = 12.5V Vec = 7.5 V Vec = 12.5V 


f Pout 400 MHz Pout 400 MHz 
Frequency Pout 450 MHz = 1.35 W| | Pout 450 MHz 
MHz Pout 512 MHz 1.05 WwW Pout 512 MHz 


18.0 — j13.4 12.2 — j19.7 


21.6 — j9.9 20.2 — j18.6 


20.1 — j1.0 23.4 — j23.0 


*ZOL = Conjugate of the optimum load impedance into which the device operates at a given output power, voltage and frequency. 


Figure 3. Zj, and Zo, versus Collector Voltage, Input Power and Output Power 
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MRF555 


Figure 4. 400-512 MHz Broadband Circuit 


MRFS555 1.5W 
400 — 512 MHZ 


NOTE: The Printed Circuit Board shown is 75% of the original. 


Figure 5. 400-512 MHz Broadband Circuit Photomaster 
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Output versus Frequency 


Figure 6. Power Output versus Power Input 


Figure 7. Power 


= 400 MHz 
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Vcc, SUPPLY VOLTAGE (Vdc} 


f, FREQUENCY (MHz) 


Figure 8. Power Output versus Frequency 


- 512 MHz 


Figure 9. Power Output versus Supply Voltage 
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Vcc, SUPPLY VOLTAGE (Vdc) 


Vcc, SUPPLY VOLTAGE (Vdc) 


Power Output versus Supply Voltage 


Figure 11. 


Figure 10. Power Output versus Supply Voltage 


MOTOROLA RF DEVICE DATA 
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MOTOROLA _ ; 
m= SEMICONDUCTC 
TECHNICAL DATA 


_MRF5957 


The RF Line 


1.5 W 870 MHz 


RF LOW POWER 
TRANSISTOR 


NPN SILICON RF LOW POWER TRANSISTOR NPN SILICON 


... designed primarily for wideband large signal predriver stages 
in the 800 MHz frequency range. : 


®@ Specified @ 12.5 V, 870 MHz Characteristics 
Output Power = 1.5 W 
Minimum Gain = 8.0 dB 
Efficiency 60% (Typ) 
® Cost Effective PowerMacro Package 
® Electroless Tin Plated Leads for Improved Solderability 


MAXIMUM RATINGS 


PIN 1. COLLECTOR 
2. EMITTER 
3. BASE 
4. EMITTER 


Total Device Dissipation @ Tc = 75°C (1,2) 
Derate above 75°C 


Storage Temperature Range 


NOTES: 
1, DIMENSIONING AND TOLERANCING PER ANSI 
Y14.5M, 1982. 
2. CONTROLLING DIMENSION: INCH. 
3. LEAD DIMENSIONS UNCONTROLLED WITHIN 
DIMENSION N AND R. 


MILLIMETERS | INCHES 
DIM | MIN | MAX | MIN | MAX 
A | 445 | 520 | 0.175 | 0.205 


(1) Tc, Case temperature measured on collector lead immediately adjacent to body of package. 

(2) The MRF557 PowerMacro must be properly mounted for reliable operation. AN938, 
“Mounting Techniques in PowerMacro Transistor,” discusses methods of mounting and 
heatsinking. 
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; {08a | 0.039 


2.46 : ; 0.104 


8.84 | 9, 348 0.383 
“ont 030 fo. 0.012 
124 | 8, 0.320 


es 0.065 


0.128 | 


ae ae 
t |_064 | 1.01 | 0.025 | 0.040 


CASE 317D-02 


MOTOROLA RF DEVICE DATA 
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MRF557 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(I¢ = 5.0 mAdc, Ip = 0) 


Collector-Emitter Breakdown Voltage 
(Ic = 5.0 mAdc, VBE = 0) 


Emitter-Base Breakdown Voltage 
(IE = 0.1 mAdc, !c¢ = 0) 


Collector Cutoff Current 


V(BR)CEO 
V(BRJCES 
V(BR)EBO 


(VCE = 15 Vde, VBE = 0, Tc = 25°C) 
ON CHARACTERISTICS 


DC Current Gain 
(Ic = 100 mAdc, Vce = 5.0 Vdc) 


DYNAMIC CHARACTERISTICS 


Output Capacitance 
(Veg = 15 Vdc, Ip = 0, f = 1.0 MHz} 


FUNCTIONAL TESTS 


Common-Emitter Amplifier Power Gain 
(Vcc = 12.5 Vdc, Poyt = 1.5 W, f = 870 MHz) 


Collector Efficiency 
(Vcc = 12.5 Vde, Poyt = 1.5 W, f = 870 MHz) 
Load Mismatch Stress 

(Vcc = 15.5 Vde, Pin = 225 mW, f = 870 MHz, 
VSWR = 10:1 all phase angles) 


Figures 1, 2 


Figures 1, 2 


Figures 1, 2 


RF 
Power — 
Input 


C1, C2, C5, C7 — 0.8-8.0 pF Johanson Gigatrim* 
C3, C4 — 15 pF Clamped Mica, Mini-Underwood 
C6 — 27 pF Clamped Mica, Mini-Underwood 
C8 — 91 pF Clamped Mica, Mini-Underwood 
C9 — 68 pF Clamped Mica, Mini-Underwood 
C10 — 1.0 uF, 25 V Tantalum 
B — Bead, Ferroxcube 56-590-65/3B 
PCB — 1/16” Glass Teflon, e, = 2.56 

(See Photomaster Figure 3) 


*Fixed tuned for broadband response. 


L1, L4 — 5 Turns #21 AWG, 5/32” ID 

L2, L3 — 60 x 125 x 250 Mils Copper Tab on 
27 Mil Thick Alumina Substrate 

L5 — 7 Turns #21 AWG, 5/32” ID 

21 — 1.65 x 0.163” Microstrip, Z2g = 50 0 

22 — 0.85 x 0.163” Microstrip, Zg = 500 

Z3 — 0.625 x 0.163” Microstrip, Z97 = 50 0 

24 — 1.35 x 0.163" Microstrip, Zg = 500 


MOTOROLA RF DEVICE DATA 
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MRF557 


FIGURE 2 —- 800-880 MHz BROADBAND CIRCUIT 


_ FIGURE 3 — 800-880 MHz TEST CIRCUIT PHOTOMASTER 


MRESS7 1.5 W 
800 - 880 MHZ. 


NOTE: The Printed Circuit Board shown is 75% of the original. 


MOTOROLA RF DEVICE DATA 
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MRF557 


FIGURE 4 — PERFORMANCE IN BROADBAND CIRCUIT 
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FIGURE 5 — Zjn and Zo| versus COLLECTOR VOLTAGE, INPUT POWER AND OUTPUT POWER 


Zin Zou* 
Ohms — Ohms 


a Voce = 75V Vee.s 120 ¥ Vee = 75V Vcc = 12.5 V 


| f | Pout 806 MHz = 1.7W || Pout 806 MHz = 2.1 W 
FREQUENCY: Rg Font 5S: 1) Pout 870 MHz = 1.4W || Pout 870 MHz = 1.8 W 
MHz Pin = 300 mW Be = 200mW. || Pout 960 MHz = Pout 960 MHz = 1.1W 


1.0W 


2.4 + j3.9° 2a + 53.1 13.6 — j12.8 


2.5 + j4.6 2.7 + j3.7 17.2 — j8.6 16 — j13.2 


6.1 + j7.4.. 


68 + j8.3 38 — j10.5 


*ZOL = Conjugate of the optimum toad impedance into which the device operates at a given output power, voltage and frequency. 
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FIGURE 6 — POWER OUTPUT versus POWER INPUT 
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FIGURE 7 — POWER OUTPUT versus FREQUENCY, 


FIGURE 9 — POWER OUTPUT versus SUPPLY VOLTAGE 
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FIGURE 11 — POWER OUTPUT versus SUPPLY VOLTAGE 
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_ FIGURE 8 — POWER OUTPUT versus FREQUENCY | 


FIGURE 10 — POWER OUTPUT versus SUPPLY VOLTAGE 
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MOTOROLA 
= SEMICONDUCTOR EEE 
TECHNICAL DATA 


MRF559 


The RF Line 


0.5 W — 870 MHz 


HIGH FREQUENCY 

| | . | TRANSISTOR 
NPN SILICON HIGH FREQUENCY TRANSISTOR 
... designed for UHF linear and large-signal amplifier applications. 
@ Specified 12.5 Volt, 870 MHz Characteristics — 

' Output Power = 0.5 Watts 

Minimum Gain = 8.0 dB 

Efficiency = 50% 
@ S Parameter Data From 250 MHz to 1.5 GHz 
@ 1.0dB Compression > +20 dBm Typ 
® Ideally Suited for Broadband, Class A, Low-Noise Applications 
@ Recommended As Driver for MHW808 and MHW820, 

806-870 MHz Power Modules # 


NPN SILICON 


MAXIMUM RATINGS 
Rating Symbol 


Collector-Emitter Voltage VCEO 


Collector-Base Voltage . VCBO 


Emitter-Base Voltage ae VEBO 


Collector-Current — Continuous 


Total Device Dissipation @ Tc = 50°C 
Derate above 50°C a 


Storage Temperature Range 


STYLE 2: 
PIN 1. COLLECTOR 
2, EMITTER 
3, BASE 
4, EMITTER 


NOTE: 
DIMENSION D NOT APPLICABLE IN ZONE N, 


MILLIMETERS INCHES 
MIN | MAX | MIN | MAX 
4.44 5.21 | 0.175 | 0.205 
1.90 254 | 0.075 | 0.100 


084 | 099 | 0.033 | 0.039 
0.30 | 0.008 | 0.012 

0.030 | 0.045 

0,285 | 0.320 

0415 | 0.450 

0.065 


Pp MAX, MAXIMUM POWER 
DISSIPATION (WATTS) 


City 
TT 
Lee LEA A 


BERRRRDEE 
AAT 


Tc, CASE TEMPERATURE (°C) CASE 317-01 | 


MOTOROLA RF DEVICE DATA 


2-746 


MRF559 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage V(BR)CEO 
(I¢ = 5.0 mAdc, Ip = O) 


Collector-Base Breakdown Voltage 


. V(BR)CBO 
(Ic = 100 pAdc, IE = 0) 


Emitter-Base Breakdown Voltage V(BR)EBO 


3.0 
(Ile = 100 wAdc, Ic = 0) . 
Collector Cutoff Current ICES 
(VcE = 15 Vdc, Veg = O) 


ON CHARACTERISTICS 


DC Current Gain hFE 30 200 
(I¢ = 50 mAdc, VcF = 10 Vdc) ; 
DYNAMIC CHARACTERISTICS . = | 


Current-Gain — Bandwidth Product 
(Ic = 100 mAdc, VcgE = 10 Vdc, f = 200 MHz) 


Output Capacitance . 
(VcB = 12.5 Vdc, Ig = 0, f = 1.0 MHz) 


FUNCTIONAL TESTS 


Common-Emitter Amplifier Power Gain f = 870 MHz 
(Vcc = 12.5 Vde, Poyt = 0.5 W) f= 512 MHz 


Collector Efficiency 
(Vcc = 12.5 Vde, Poyt = 0.5 W) 


TYPICAL PERFORMANCE @ Vcc =7.5V 


Common-Emitter Amplifier Power Gain f = 870 MHz 
(Vcc = 7.5 Vde, Poyt = 0.5 W) f= 512 MHz 


Collector Efficiency f = 870 MHz 
(Vcc = 7.5 Vdc, Poyt = 0.5 W) f= 512 MHz 


FIGURE 1 — 870 MHz TEST FIXTURE 


C1, C2,C4,C5 —1.0-10pFJohanson => Z1—50021.5cm 


C3, C6 — 0.001 uF Chip Capacitor 22 — 300 2.5cm 
C7 — 1.0 pF Tantulam Z3 — 500 2.0cm 
L1, L4 — 4 Turns #26 AWG, 0.3 cm ID, 0.4 cm Long Z4 — 5001.2 cm 
L2, L3 — Ferrite Bead 25, 26 — 5001.25 cm 


Microstrip Elements — e, = 1.0 
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MRF559 


FIGURE 2 — OUTPUT POWER versus INPUT POWER 
f=512 MHz 
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FIGURE 4 — OUTPUT POWER versus COLLECTOR VOLTAGE 
f=512 MHz 
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FIGURE 3 — OUTPUT POWER versus FREQUENCY 
Vec=-7.5V 
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FIGURE 5 — OUTPUT POWER versus FREQUENCY 
Veco = 12.5 V 
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FIGURE 6 — Zjpn AND Zo, versus COLLECTOR VOLTAGE, INPUT POWER, AND OUTPUT POWER 
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*ZOL= Conjugate of the optimum load impedance into which the device output operates at a given output power, voltage and frequency. 
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FIGURE 7 — OUTPUT POWER versus INPUT POWER FIGURE 8 — OUTPUT POWER versus FREQUENCY 
ees f=870MHz Meg =7.5V 
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FIGURE 11 — Zj, AND Zo, versus COLLECTOR VOLTAGE, INPUT POWER, AND OUTPUT POWER 


f 
FREQUENCY 


22.7 - j30.6]27.1 - j22.6 
23.9 - j28.7 
25.1 - j27.0 


*ZOL= Conjugate of the optimum load impedance into which the device output operates at a given output power, voltage and frequency. 
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FIGURE 12 — GAIN versus FREQUENCY 
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FIGURE 14 — NOISE FIGURE AND ASSOCIATED GAIN 


versus COLLECTOR CURRENT 


FIGURE 13 — GAIN versus COLLECTOR CURRENT | 
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Ic, COLLECTOR CURRENT (mA) 


FIGURE 15 — CURRENT GAIN BANDWIDTH PRODUCT 


FIGURE 16 — OUTPUT CAPACITANCE versus 


versus COLLECTOR CURRENT 
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FIGURE 17 — COMMON EMITTER SCATTERING PARAMETERS 
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MAHFOOY 


FIGURE 18 — TUNABLE TEST FIXTURE 


FIGURE 19 — PRINTED CIRCUIT BOARD LAYOUT 


INPUT OUTPUT 


NOTE: The Printed Circuit Board shown is 75% of the original. 
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MOTOROLA 


2 SEMICONDUCTOR @& 
TECHNICAL DATA 


MRF571 


- MRF572 
= | MRFCS72 


NPN SILICON HIGH FREQUENCY TRANSISTORS 


. designed for low-noise, wide dynamic range front end am- 
plifiers, low-noise VCO’s, and microwave power multipliers. 


@ Low Noise 
© High Gain 
@ Available in Low Cost Plastic, High Reliability Ceramic or Die 
@ State-of-the-Art Technology -0 GHz @ 50 mA 
Fine Line G .0 dB @ 500 MHz 
ine Line Geometry 5 dB @ 1.0 GHz 
lon Implanted Arsenic Emitters 5 dB @ 2.0 GHz 
Gold Top Metallization and Wires z 
Silicon Nitride Passivation HIGH FREQUENCY 
e Fully Characterized TRANSISTORS 


NPN SILICON 


MRFC572 MRF571 MRF572 


3c 


Macro-X 
‘| Case 317-01 
MAXIMUM RATINGS i Style 2 


20 
0 


re 
1.0 


Collector Current — Continuous 


7 


Total Device Dissipation @ Tc = 50°C(1) 0.75 
Derate above Tc = 50°C Ty = ee 10 


NOTE 1. Case temperature measured on collector lead immediately adjacent to body of package. 
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MRF5S71, MRF572, MRFC572 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 


[characteristic | Symbot [min typ | Max [unit _| 
OFF CHARACTERISTICS 
os a 


Collector-Emitter Breakdown Voltage (Ic = 1.0 mAdc, IE = 0) 
Gollestor Base Breakdown Vatege (ig = 04 made, I= 0) | Viprjcao | 20 | — | — | vee 
Emitter-Base Breakdown Voltage (IE = 50 «Adc, Ic = 0) | Werepo | 25 | — | — | vac | 
Collector Cutoff Current (Vcg = 8.0 Vdc, Ip = 0) ipo =| 6 — | te 


ON CHARACTERISTICS 


DYNAMIC CHARACTERISTICS 


Collector-Base Capacitance (Vcp = 60 Vde, Ig = 0, f = 1.0 MMe) a a a 


(VCE = 8.0 Vdc, Ic = 50 mA, f = 1.0 GHz) 
FUNCTIONAL TESTS 


Gain @ Noise Figure 
(Ic = 5.0 mAdc, VcgE = 6.0 Vdc) 


Noise Figure 
(Ic = 5.0 mAdc, Vege = 6.0 Vdc) 


~ MRF571 


MRF572 
FIGURE 1 — Cop, COLLECTOR-BASE CAPACITANCE FIGURE 2 — Cip, INPUT CAPACITANCE 
versus VOLTAGE versus EMITTER BASE VOLTAGE 

: je a a a a Gn eR Ge 
7 eeedd ghee errrs se 
: ESSE, ee EEE 
: ee IS sal ara ee ee (a |e ee a) 
S ae a a ee ae 7 (oder (eed (as 
2 ee ee ee 

ae ee ae | ee ee ee ee 


0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 90 10 0 4.0 2.0 3.0 
Veb, COLLECTOR-BASE VOLTAGE (Vdc) Vee, BASE-EMITTER VOLTAGE (Vdc) 
FIGURE 3 = MRF571 — GAIN AT NOISE FIGURE AND FIGURE 4 — MRF572 — GAIN AT NOISE FIGURE 
NOISE FIGURE versus FREQUENCY AND NOISE FIGURE versus FREQUENCY 
AHH ai SB 7 
g ends Fe Ne ee 
: Peed oe aa : 
: ewe tL ee 
g Sect a Sa 
= Mb: Sane ee Se 
4 ae ial as SOE fs° ee "2 
: errs Pg ae a oe 
S—=—- TLL = ee 
em ROSE ia a eS ee 
: : : : 0.15 0.2 0.3 0.6 1.0 15 2.0 3.0 
f, ae (GHz) f, FREQUENCY (GHz) 
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MRF571, MRF572, MRFC572 


FIGURE 6 — fy, CURRENT GAIN-BANDWIDTH PRODUCT 
versus COLLECTOR CURRENT 


FIGURE 5 — MRF571 and MRF572 — GAIN AT NOISE 
FIGURE AND NOISE FIGURE versus COLLECTOR CURRENT 
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FIGURE 8 — 1.0 dB COMPRESSION PT. 


FIGURE 7 — Gamax- MAXIMUM AVAILABLE GAIN 


versus FREQUENCY 
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FIGURE 10 — MRF572 — Gymax and |S24|2 


, FREQUENCY (GHz) 


- FIGURE 9 — MRF571 — Gymax and |S4/2 


versus FREQUENCY 


versus FREQUENCY 
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MRF571, MRF572, MRFC572 


MRF571 | MRF571 
INPUT/OUTPUT REFLECTION COEFFICIENTS FORWARD/REVERSE TRANSMISSION 
versus FREQUENCY (GHz) COEFFICIENTS versus FREQUENCY (GHz) 


VcE = 6.0 V, Ic = 5.0 mA - -VcE = 6.0 V, ic = 5.0mA 


rae 


MRF571 COMMON EMITTER S-PARAMETERS 


FS OM ay ae es ge ae 


VCE 
(Volts) 
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MRF571, MRF572, MRFC572 


MRF572_ 7 : 2m MIR 72 


INPUT/OUTPUT REFLECTION | FORWARD/REVERSE COEFFICIENTS 
COEFFICIENTS versus FREQUENCY (GHz) . versus FREQUENCY (GHz) 
Vce = 6.0 V, ic = 5.0 mA VceE = 6.0 V, ic = 5.0 mA 


50 


MOTOROLA RF DEVICE DATA 
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MRF571, MRF572, MRFC572 


_MRF571 — CONSTANT GAIN and NOISE FIGURE CONTOURS 


2-758 


| f(GHz) | NF OPT(dB))Rn (Q)| NF50 0 (dB) | TMS NF OPT 


VcE = 6.0 V, Ic = 5.0mA 
f= 500MHz 


{\} — REGION OF INSTABILITY 
00 - i 


HiGHe) [NF OPTIdB)| An (0) _| NFSO 0 (aB) | 
[os |.os | 93 | 13 | 


Tews NFOPT] «]_ 
[os 27 [ose] 


VcE = 6.0 V, Ic = 5.0 mA 
f = 1.0 GHz 


0.89 7-179° | 0.81 266° 
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MRF571, MRF572, MRFC572 


MRF572 CONSTANT GAIN and NOISE FIGURE CONTOURS 
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MOTOROLA RF DEVICE DATA 


VcE = 6.0V,1 = 5.0mA _ 
f = 500 MHz 
— REGION OF INSTABILITY 


| 
oe 


71 | 45 | 0.43.2 57° 


LK | NFOPT 
joss] 10 | 


VcE = 6.0 V, Ic = 5.0 mA 
Hz 


f=10G 


f(GHE) 
P10 | 15 | 60 


_ |EMS NF OPT] K_ | 


[oe 2 116° [093] 


MRF571, MRF572, MRFC572 


MRF571 1.0 GHz TEST CIRCUIT 


RFC1 EB. 25 Z9 cB. EB. RFC2 


VBB ee i noe Voc 


cm 
21 22 Z3 Z4 26 27 Z8 
> -H HHA HO HL ol 
Input Ow, ES Ne Output 
a “DUT 
C1, C2, C6 560 pF Chip Capacitor RFC1, RFC2 VK-200, Ferroxcube 
C5, C7 0.018 uF Chip Capacitor 21-29 Microstrip, See Photomaster 
C3, C8 0.1 uF Mylar Capacitor Bead Ferrite Bead, Ferroxcube 56-590-65/3B 
C4, C9 1.0 uF Electrolytic Capacitor Board Material 0.0625” Teflon Fiberglass e, = 2.5 + 0.05 


R1 2.7 kX 


MRF571 TEST CIRCUIT 
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MRF571, MRF572, MRFC572 


MRF572, 1.0 GHz TEST CIRCUIT 


FBooRt 24 on Ie ed cB OEB -RFC2 


“ee oe RE eee ED ec 


‘om | cm 
Z1 Z2 Z3 ZB . Z6 . 
RF (~ i = eS RF 
Treas ea es ee a ee 
DUT Se 
Ci, C2, C6, C7 560 pF Chip Capacitor RFC1, RFC2 VK-200, Ferroxcube 
C5, C8 0.018 uF Chip Capacitor 21-27 Microstrip, See Photomaster 
C3, CS 0.1 wF Mylar Capacitor Bead Ferrite Bead, Ferroxcube 56-590-65/3B 
C4, C10 1.0 wF Electrolytic Capacitor Board Material 0.031” Teflon Fiberglass er = 2.5 + 0.05 
R1 2.7 kO . 


MRF572 TEST CIRCUIT 


Bee 
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MRF571, MRF572, MRFC572 


PHOTOMASTER OF MRF571 CIRCUIT LAYOUT 


LNA REV 


NOTE: The Printed Circuit Board shown is 75% of the original. 


PHOTOMASTER OF MRF572 CIRCUIT LAYOUT 


MRF572-.573 


NOTE: The Printed Circuit Board shown is 75% of the original. 


MRFC572 CHIP TOPOGRAPHY 


Nominal Chip Size: 0.015” x 0.016” x 0.005” 
Front Metallization: Gold 

Back Metallization: Gold 

Emitter/Base Bond Pad: 2.2 x 2.2 mil 
#Emitter Fingers: 22 

#Base Fingers: 23 

Emitter Diffusion: jon-implanted Arsenic 
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MOTOROLA 
= SEMICONDUCTOR se | = MIRF580,A 
TECHNICAL DATA | : : ae MRF581 A 


MRFC581,A 


| The RF Line | 


NPN SILICON HIGH FREQUENCY TRANSISTORS 


. designed for high current low power amplifiers up to 1.0 GHz. 


® Low Noise 
ee ‘ae Aaa mnie ake fy = 5.0 GHz @ 75 mA 
ow Intermodulation Distor on NF = 2.0 dB @ 500 MHz 

@ High Gain 

@ State-of-the-Art TehnBiogs | ~ HIGH FREQUENCY 
Fine Line Geometry TRANSISTORS 
Arsenic Emitters 
Gold Top Metallization NPN SILICON 


Nicrome Thin-Film Ballasting Resistors 


Excellent Dynamic Range 


Fully Characterized 


MRF580,A 


a 


MRFC581,A MRF581,A 


MAXIMUM RATINGS 


Collector Current — Continuous a a ae Gees) 
5 


Total Device Dissipation @ Tc = 50°C(1) Pp 2. 2.5 
Derate above Tc = 50°C = 200°C max 25 
Ty, T 
le —65 to +200 -65 to +150 ~65 to +150 ro 


NOTE 1. Case temperature measured on collector lead immediately adjacent to body of package. 


2.5 
25 


MOTOROLA RF DEVICE DATA 
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MRF580A, MRF581A, MRFC581A 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage | MRF580/581 
(Ic = 1.0 mAdc, Ip = 0) MRFS580A/581A 


V(BR)CEO 18 — Vde 
Collector-Base Breakdown Voltage MRF580/581 


15 = 
V(BRJCBO 36 Vde 
(Ic = 1.0 mAdc, Ig = 0) MRF580A/581A 30 


(IE = 0.10 mAdc, Ic = 0) 
pAdc 


Emitter Cutoff Current 
(VER = 2.0 Vde, VBE = 0) 


Collector Cutoff Current 
(Veg = 15 Vde, le = 0) 


ON CHARACTERISTICS 


DC Current Gain(1) MRF580/581 FE 50 200 
(I¢ = 50 mAdc, VcE = 5.0 Vdc) MRF580A/581A 90 250 


DYNAMIC CHARACTERISTICS 


Collector Base Capacitance 
(Veg = 10 Vdc, Ie = 0, f = 1.0 MHz) 
Current-Gain Bandwidth Product(2) 
(ic = 75 mAdc, Vcg = 10 Vdc, f = 1.0 GHz) 
FUNCTIONAL TESTS 
Noise Figure, Figure 19 MRF580/581 
(Il¢ = 50 mAdc, Vcg = 10 Vdc, f = 0.5 GHz) MRF580A/581A 
Power Gain at Optimum Noise Figure, Figure 19 MRF580,A 
(I¢ = 50 mAdc, Vcge = 10 Vdc, f = 0.5 GHz) he 
Power Gain at Optimum Noise Figure, Figure 19 MRF581,A 
(i¢ = 50 mAdc, Vcg = 10 Vdc, f = 0.5 GHz) 
Maximum Unilateral Gain MRF580,A(2) 
(lc = 75 mAdc, Vcg = 10 Vdc, f = 0.5 GHz) Age 
Maximum Unilateral Gain MRF581,A(2) 
(Il¢ = 75 mAdc, VCE = 10 Vdc, f = 0.5 GHz) 
Intermodulation Distortion, Figure 18 MRF581,A(3) 
(VcE = 10 V, Ic = 75 mA, Vout = +50 dBmvV) 
NOTES: 
1. 300 us pulse on Tektronix 576 or equivalent. D 
2. Characterized on HP8542 Automatic Network Analyzer. Glirnax= ee.) ee 
3. 2 Tones, f1 = 497 MHz, f2 = 503 MHz, 3rd Order Single Tone reference. (1 — |Sq4/2) (1 — |S2al) 
FIGURE 1 — Cjp INPUT CAPACITANCE versus VOLTAGE | FIGURE 2 — Cop, Cobh COLLECTOR-BASE CAPACITANCE 


versus VOLTAGE 


C, CAPACITANCE, (pF) 
C, CAPACITANCE, (pF) 


0 1.0 2.0 3.0 0 2.0 4.0 6.0 8.0 10 
Vep, EMITTER-BASE VOLTAGE (VOLTS) Veb, COLLECTOR-BASE VOLTAGE (VOLTS) 
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MRF580A, MRF581A, MRFC581A 


FIGURE 3 — GAIN-BANDWIDTH PRODUCT FISURE'4 4— 2ND AND 3RD ORDER INTERCEPT POINTS 
versus COLLECTOR CURRENT 


ft, GAIN-BANDWIDTH PRODUCT (GHz) 
Pout, OUTPUT POWER (dBm) 


0 20° 40 60 80. 100 120 140 +10 +20 +30 +40 +50 +60 +70 +80 
- Ie, COLLECTOR CURRENT (mA) , P;,, INPUT POWER (dBm] 


MRF580,A TYPICAL PERFORMANCE 


FIGURE 5 — GU max-MAXIMUM UNILATERAL GAIN, FIGURE 6 — Ga max, MAXIMUM AVAILABLE GAIN 
ISo4|2 versus FREQUENCY versus FREQUENCY | 
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FIGURE 9 — MRF580,A COMMON EMITTER S-PARAMETERS 


FORWARD/REVERSE TRANSMISSION 
COEFFICIENTS versus FREQUENCY 


INPUT/OUTPUT REFLECTION 
COEFFICIENT versus FREQUENCY 


VcE = 10V Ic = 50 mA 


VCE Ic 
(Volts) (mA) IS) 
5.0 0.083 60 0.24 ~ 108 
_ 0.127 64 0.18 -117 
0.24 66 0.13 ~ 154 
0.35 60 0.19 ~172 : 
— 300 0.48 -175 6.35 90 0.08 64 0.24 ~ 126 
50 500 0.51 168 3.85 79 0.13 67 0.18 ~ 139 
1000 0.51 148 2.10 59 0.25 66 0.16 ~178 
1500 0.54 123 1.56 46° 0.36 58 0.20 | 169 
300 0.48 ~177 6.42 90 0.08 65 0.24 ~ 132 
5 500 0.51 167 3.88 79 0.13 67 0.19 —~145 
1000 0.50 147 2.12 59 0.26 65 0.17 175 
1500 0.53 123 1.57 46 0.36 58 0.21 164 
\ a —I 
300 0.48 -~177 6.41 89 0.08 66 0.24 ~ 134 
160 500 0.51 167 3.87 78 0.13 68 0.19 ~ 148 
1000 0.51 146 2.114 59 0.26 65 0.17 172 
1500 0.53 123 1.58 | 46 0.36 58 0.21 162 
10 300 0.44 ~ 164 6.67 g2 0.07 61 0.25 -~76 | 
a6 500 0.47 175 4.08 79 0.11 66 0.19 -75 
1000 0.48 152 2.2 60 0.21 68 0.12 -91 
‘| 1500 0.52 126 156 | 45 0.32 64 0.15 ~129 
300 0,47 | _ = 167 7.40 91 0.07 65 0.17 ~89 
Je 500 0:47 174 4.53 79 0.11 68 0.12 ~112 
: 1000 0.50 149 2.38 62 0.20 67 0.13 ~ 126 
1500 0.53 - 131 1.71 47 0.31 63 0.11 ~ 147 
: ae + 
300 0.41 -.171 7.24 91 0.07 66 0.20 -96 
. +6 500 0.45 71 4,39 79 0.12 69 0.13 —99 
1000 0.45 150 2.36 61 0.23 67 0.07 ~ 130 
1500 0.48 125 1.72 47 0.33 61 0.12 ~ 157 
300 0.42 -~172 7.22 90 0.07 67 0.19 -97 
460 500 0.45 170 4.38 78 0.12 69 0.14 ~ 98 
1000 0.45 149 2.35 60 0.23 67 0.07 ~ 129 
1500 0.49 125 1.71 46. 0.33 ae ioe eee ee ee 158 az 
15 300 0.48 — 159 7.28 93 0.06 60 0.24 -§5 
; 500 0.48 ~179 4.44. 80 0.09 66 0.17 -62 
2 1000 0.51 153 2.33 62 0.18 68 0.19 — 82 
1500 0.54 133 1.67 46 0.27 68 0.17 -97 
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_ MRF581,A TYPICAL PERFORMANCE 


FIGURE 10 — GU max — MAXIMUM UNILATERAL GAIN, FIGURE 11. — Ga max: MAXIMUM AVAILABLE GAIN 
—* |S94|2 versus FREQUENCY eee * ag * Versus FREQUENCY 
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FIGURE 12 — NOISE FIGURE AND GAIN ASSOCIATED WITH NOISE FIGURE versus COLLECTOR CURRENT 
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FIGURE 16 — MRF581,A COMMON EMITTER S-PARAMETERS 


_ INPUT/OUTPUT REFLECTION FORWARD/REVERSE TRANSMISSION 


COEFFICIENT versus FREQUENCY VcE = 10 V, Ic = 50 mA COEFFICIENTS versus FREQUENCY 
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FIGURE 17 — MRF581 CONSTANT GAIN 
CONTOURS NOISE FIGURE CONTOURS 


rMs | 
NF OPT 


f(MHz) TMS 


Circuit Per Figure 18 


(Q) | OPT (50 9) }. 


MRFC581,A CHIP TOPOGRAPHY 


Nominal Chip Size: 0.017” X 0.027” X 0.005” 
Front Metallization: Gold 
Back Metallization: Gold 
Emitter/Base Bond Pad: 0.003” X 0.004” 
_ #Emitter Fingers: 56 - 
#Base Fingers: 57 
Emitter Diffusion: lon-lmplanted Arsenic 
- Fabrication: Fully lon Implanted 
Ballasting: NiCr Resistor 
Passivation: Silicon Nitride 


FIGURE 18 — MRF580,A/581,A TEST FIXTURE SCHEMATIC 


500 MHz 
RI a  RFC1 
We =< VaR. VCC > 
+ Rien 5 oe -  ¥a + 
C5 C7 C8 
ae Et 
TL3 TL4 
ae ee z 
T C3 | 3.68 cm. >< C9 ab C4 
Teas DUT TL2 
RF ; | RF 
Input Output 
YI. Y2 
C1 
7 | <g-3.12 cm ee 
C10 = 
C1,C2  —.470 pF Chip (Ceramic) R1 — 2.7 kQ, 1% W_ 
C3,C4. — 0.018 wF Chip Capacitor -RFC1 — 0.15 «#H Molded Choke 
C5,C6 — 0.1 wF Mylar ee TL1, TL2 — Zo = 26 0, 0.0625 TFG as shown in 
C7,C8. — 1.0 uF, 25 Vdc Electrolytic Photomaster . 
cg — 91 pF Mini-Unelco (C9 Taped 3.68.cm from.’ TL3, TL4 — 2/4 Microstrip, Zg = 100 0 
_ Collector Connection on TL4. as shown) Y1, Y2 —.N-Type Connection (Female) 

C10 — 35-45 pF Johanson Ceramic Capacitor, JMC. Y3, Y4 — BNC-Type Connector (Female) 

5801 or Equivalent (C10 Taped 3.12 cm from Board Material — 0.0625” Thick Glass Teflon e, = 2.5 

Base Connection on TL1) Py. 
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FIGURE 19 — FUNCTIONAL CIRCUIT SCHEMATIC 


RF Output 


RF Input > ey | Bias 
| Tee 


Bias  Sfug Tuner 
Tee 


FIGURE 20 — MRF580,A/581,A TEST CIRCUIT 


FIGURE 21 — PC BOARD PHOTOMASTER 


et 


NOTE: The Printed Circuit Board shown is 75% of the original. 
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The RF Line 


NPN SILICON HIGH FREQUENCY TRANSISTORS 


... designed for use in high-gain, low-noise, ultra-linear, tuned and 
wideband amplifiers. Ideal for use in CATV, MATV, and instrumen- 
tation applications. 
® Low Noise Figure — 

NF = 3.0 dB (Typ) @ f = 500 Mkz, Ic = 90 mA 
@ High Power Gain — 

GU(max) = 16.5 dB (Typ) @ f = 500 MHz 
@ lon Implanted 
®@ All Gold Metal System 
@ High f7-4.5 GHz MRF586 

5.5 GHz MRF587 

® Low Intermodulation Distortion: 

TB3 =-70dB 

DIN = 125 dB pV 


NF = 3.0dB @ 0.5 GHz | 


HIGH FREQUENCY 
TRANSISTORS 


NPN SILICON 


MRF586 Mi 


Case 79-04 Case 244A-01 
MAXIMUM RATINGS Style 1 Style 1 
Ratings Symbol Values | 
Collector-Emitter Voltage VCEO 17 17 
Collector-Base Voltage VcBO 34 34 
Emitter-Base Voltage VEBO 2.5 2.5 
Collector Current — Continuous Ic 200 200 
Total Device Dissipation @ Tc = 50°C Pp 2.5 5.0 
Derate above Tc = 50°C 17 33 
Storage Temperature Range Tstg_ -65 to +200 -65 to +150 
Junction Temperature Ty 200 200 
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ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 


[ Characteristic | Symbol | Min ae Typ | Max Unit 
OFF CHARACTERISTICS 
Collector-Emitter Breakdown Voltage _ ViBR)CEO 17 — 
(I¢ = 5.0 mAdc, Ip = O) 
Collector-Base Breakdown Voltage ViBR)CBO 34 — 
(Ic = 1.0 mAdc, le =O) 
Emitter-Base Breakdown Voltage ViBR)EBO 2.5 = 
(ic = O, Ip = 0.1 mAdc) 
Collector Cutoff Current ICBO 7 = 


(VcB = 10 Vdc, If = O) 


ON CHARACTERISTICS 


DC Current Gain (1) 
(ic = 50 mAdc, VcgE = 5.0 Vdc) 


a) 


DYNAMIC CHARACTERISTICS 


Current-Gain — Bandwidth Product (2) MRF586 ft — 4.5 — GHz 
(Ic = 90 mAdc, Vcg = 15 Vdc, f = 0.5 GHz) MRF587 — 5.5 — 
Collector-Base Capacitance Ceb — 1.7 22 pF 
(VcB = 10 Vdc, tg = O, f = 1.0 MHz) 
FUNCTIONAL TESTS 
Narrow Band — Figure 23 dB 
(Ic = 90 mA, Vcc = 15 V, f = 0.5 GHz) 
Noise Figure NF — 3.0 4.0 
Power Gain at Optimum Noise Figure MRF586 GNF 9.0 11.0 — 
. MRF587 11.0 13.0 — 
Broad Band — Figures 24 and 25 dB 
(Ic = 90 MA, Voc = 15 V, f = 0.3 GHz) 
Noise Figure MRF586 NF — 5.5 — 
MRF587 — 6.3 — 
Power Gain at Optimum Noise Figure MRF586 GNF = 10.0 =e 
MRF587 — 11.0 — 
Triple Beat Distortion TB3 dB 
(Ic = 50 MA, Vcc = 15 V, Pref = 50 dBmvV) MRF586 — -65 — 
(Ic = 90 mA, Vcc =15V, Pref = 50 dBmvV) MRF587 _ -70 — 
DIN 45004 DIN dBuV 
(ic = 90 mA, Vcc = 15 V) MRF586 — 120 _ 
(Ic = 90 mA, Vcc = 15 V) MRF587 — 125 _ 
Maximum Available Power Gain (3) GUmax dB 
(lc = 90 mA, Vcg = 15 Vdc, f = 0.5 GHz) MRF586 — 14.5 —_ 
MRF587 — 16.5 — 


NOTES: 
1. 300 us pulse on Tektronix 576 or equivalent. 


2. Characterized on HP8542 Automatic Network Analyzer. 


ISo4I2 


G Ee 
3 SUmax (1 -1S4412) (1 -1S9912) 
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FIGURE 1 — TYPICAL NOISE FIGURE 
AND ASSOCIATED GAIN versus FREQUENCY 


MRF586, MRF587 


FIGURE 2 — NOISE FIGURE versus COLLECTOR CURRENT 
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FIGURE 4 — GAIN-BANDWIDTH PRODUCT versus 
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MRF586 TYPICAL PERFORMANCE 


‘FIGURE 6 — JUNCTION CAPACITANCE versus VOLTAGE 


FIGURE 5 — BROADBAND NOISE FIGURE 
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MRF586 TYPICAL PERFORMANCE (continued) 


FIGURE 7 — 1.0 dB COMPRESSION POINT versus 
COLLECTOR CURRENT FIGURE 8 — THIRD ORDER INTERCEPT POINT 
- MRF586 


Circuit per 


Figure 24 


Vout. OUTPUT VOLTAGE (dBmV) 
Pout. OUTPUT POWER (dBm) 
Pout. QUTPUT POWER (dBm) 


Ic, COLLECTOR CURRENT (mA) Pin. INPUT POWER (dBm) 
FIGURE 9 — SECOND ORDER DISTORTION versus FIGURE 10 — TRIPLE BEAT DISTORTION versus 
COLLECTOR CURRENT , COLLECTOR CURRENT 
MRF586 MRF586 
-52 
a ae ee ae 
| ft vec=t5y 
=56 oe Pref = 50 dBmV @ 200 MHz 
a = | 
= a (ee ae ae ee a a ae 
5 E NU ee 
z aa es ee ee 
S a tS Test per Figure 27 Lia 
PS Sl 2 wae 
2 eS a a es 
30 40 50 60 70 80 
| Ic, COLLECTOR CURRENT (mA) Ic, COLLECTOR CURRENT (mAj 
FIGURE 11 — 35-CHANNEL X-MODULATION DISTORTION 
versus COLLECTOR CURRENT FIGURE 12 — DIN45004B versus COLLECTOR CURRENT 


MRF586 


Circuit per 
Figure 24 


Circuit per 
Figure 24 


XMD35, DISTORTION (dB) 
~ VRef, QUTPUT VOLTAGE (dByV) 


20 30 40 50 60 70 80 90 100 
Ic, COLLECTOR CURRENT (mA) | Ic. COLLECTOR CURRENT (mA) 
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FIGURE 13 — MRF586 COMMON-EMITTER S-PARAMETERS 


FORWARD /REVERSE TRANSMISSION 
COEFFICIENTS versus FREQUENCY (GHz) 


INPUT/OUTPUT REFLECTION _ 
COEFFICIENT versus FREQUENCY (GHz) 
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MRF587 TYPICAL PERFORMANCE 


FIGURE 15 — JUNCTION CAPACITANCE versus VOLTAGE 


FIGURE 14 — Pea NOISE FIGURE 
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FIGURE 16 — 1.0 dB COMPRESSION POINT versus 


FIGURE 17 — THIRD ORDER INTERCEPT POINT 
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‘MRF587 TYPICAL PERFORMANCE (continued) — 


FIGURE 18 — SECOND ORDER DISTORTION versus. _ FIGURE 19 — TRIPLE BEAT DISTORTION versus 


COLLECTOR CURRENT . COLLECTOR CURRENT 
- MRF587 . MRF587 


—Vep= 15. 
_ PRef = 50 dBmvV 


Vee = IBV. wii 
E PRef = 50 dBmV @ 200 Mhz 
Circuit per , 
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FIGURE 20 — 35-CHANNEL X-MODULATION DISTORTION . . . . 
versus COLLECTOR CURRENT FIGURE 21 — DIN 45004B versus COLLECTOR CURRENT 
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Test per Figure 28 


XMD35, DISTORTION (dB) 
VRef. OUTPUT VOLTAGE (dByV) 


Test per Figure 29 


Ic, COLLECTOR CURRENT (mA) , Ic, COLLECTOR CURRENT (mA) — 
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FIGURE 22 — MRF587 COMMON-EMITTER S-PARAMETERS 


INPUT/OUTPUT REFLECTION FORWARD/REVERSE TRANSMISSION 
COEFFICIENT versus FREQUENCY (GHz) COEFFICIENTS versus FREQUENCY (GHz) | 
+j50 
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FIGURE 23 — MRF586/587 NARROW BAND TEST FIXTURE SCHEMATIC 


500 MHz 
R14 - RFC1 
VeB_ VCC ¢ 
. + Y3 Y4 + 
cig | “~~ 
TL3 - TL4 
eX | eam 


: . TL1 ; 
input Output 
e C1 ; <i Y2 
| I 3.42cm | 
C10 
C1,C2 — 470 pF Chip (Ceramic) R1—2.7k, 1% W 
C3,C4 — 0.018 uF Chip Capacitor. RFC1 — 0.15 nH Molded Choke 
C5, cé — 0.1 uF Mylar TL1, TL2 — Z,y = 26 2, 0.0625 TFG as shown in 
C7,C8 — 1.0 uF, 25 Vdc Electrolytic _ Photomaster 
cg — 91 pF Mini-Unelco (C9 Taped 3.68 cm from TL3, TL4 — A/4 Microstrip, Zg = 100 N 
Collector Connection on TL4 as shown) Y1, Y2 — N-Type Connection (Female) 
Ci0 — 35-45 pF Johanson Cerami Capacitor, JMC Y3, Y4 — BNC-Type Connector (Female) 
5801 or Equivalent (C10 Taped 3.12 cm from Board Material — 0.0625” Thick Glass Teflon e, = 2.5 


Base Connection on TL1) 


FIGURE 24 — MRF586 BROADBAND TEST CIRCUIT SCHEMATIC 


VBB | Vcc 


Vcc =15V 
Pg = 10dB 
f = 10-375 MHz 
Zo = 750 
RF RF 
Input 1 Output 
C1,C4. — 0.01 uF Feedthru L1 — 1 Turn %” |.D. #20 AW 
C2,C5 — 0.001pnF  . R1—130%W 
C3 — 05-10 pF T1(1) — 12 Turns Tapped at 4 Turns #30 AWG 
C6 — 12pF T2(1) — 10 Turns Tapped at 2 Turns #30 AWG 


(1) Ferronics 12-340-k Core 
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FIGURE 25 — MRF587 BROADBAND TEST CIRCUIT SCHEMATIC 


O VBB O Vcc 
C4 C5 
food = Vec=15V 
Pg = 11dB 
| | f = 5-375 MHz 
R2 29 = 75 
RF 
Output 
T2 
C3 R3 
| | C6 
% : DUT | ve — 
T1 = 
RF | — 
Input 4 = 


, R1 — 12 0 1.0 W (2-24 0 on each emitter port) 
R2—1.8k %W 
R3—22k%W 
L1 — 1 Turn 0.012 dia #22 AWG 
0.5-10 pF R1 T cg. T1(1) — 5 Turns Tapped at 2 Turns, #30 AWG 


C2,C6 — .0.001 uF T2(1) — 8 Turns Tapped at 3 Turns, #30 AWG 


C3 — 0.01 uF 
= C4,C5 — 0.01 uF Feedthru _ =: (1) Ferroxcube 135 CTO50 
C8 — 12 pF 3D3 Material ; 


FIGURE 26 — SECOND ORDER DISTORTION TEST FIGURE 27 — TRIPLE BEAT DISTORTION TEST 
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___ The RF Line 


NPN SILICON RF POWER TRANSISTOR 


1.0 W - 175 MHz 
RF POWER 
TRANSISTOR 
NPN SILICON 


.. . designed for 12.5 Volt VHF large-signal amplifier applications 
in industrial equipment with restricted available space. 


@ Specified 12.5 Volt, 175 MHz Characteristics — 
Output Power = 1.0 Watt | 
Minimum Gain = 10 dB 

Efficiency = 50% 


MAXIMUM RATINGS 


Emitter-Base Voltage 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


Storage Temperature Range 


STYLE 1: 
PIN 1. EMITTER 
2. BASE 
- 3, COLLECTOR 


FIGURE 1 — 175 MHz TEST CIRCUIT SCHEMATIC 


12.5 Vdc 


CASE 26-03 
TO-206AB 
(TO-46) 


C5 — 1000 pF 
C6 — 0.01 nF 

L1 — 2 Turns, #16 AWG, 3/16” I.D., 1/4” Long 
L2 — 0.15 »«H, MOLDED CHOKE 

L3 — 4 Turns, #16 AWG, 3/8” I.D., 3/8” Long 
R1 — 100 9, 1/4 W, 10% 
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ELECTRICAL CHARACTERISTICS igs 25°C unless otherwise Agia ie 


OFF CHARACTERISTICS. 

Collector-E mitter Breakdown Voltage V(BR)CEO 20 | Vde 
(1c = 5.0 mAdc, Ig = 0) 

Collector-Base Breakdown Voltage V(BR)CBO 40 Vdc 
(Ic = 100 uwAde, I = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO 35 Vde 
(Ie = 100 uAdc, Ic = 0) 

1.0 

(VcE = 12 Vdc, Ig = 0) 

ON CHARACTERISTICS. 

DC Current Gain . | DEE 20 80 200 
(ic = 50 mAdc, Veg = 5.0 Vdc) 


Collector Cutoff Current 
DYNAMIC CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(Ic = 50 mAdc, VcE = 10 Vdc, f = 200 MHz) 


Output Capacitance 

(Vcp = 12.5 Vdc, Ie = O, f = 1.0 MHz) 
FUNCTIONAL TESTS (Figure 1) 
Common-Emitter Amplifier Power Gain 

(Voc = 12.5 Vdc, Poyt = 1.0 W, f = 175 MHz) 
Collector Efficiency | 

(Voc = 12.5 Vde, Pout = 1.0 W, f = 175 MHz) 
Series Equivalent Input Impedance 

(Vec = 12.5 Vde, Pout = 1.0 W, f = 175 MHz) 
Series Equivalent Output Impedance 

(Vec = 12.5 Vde, Pout = 1.0 W, f = 175 MHz) 


FIGURE 2 — OUTPUT POWER versus INPUT POWER FIGURE 3 — CURRENT-GAIN BANDWIDTH PRODUCT 
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FIGURE 4 — OUTPUT CAPACITANCE versus COLLECTOR BASE VOLTAGE 
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MOTOROLA | 2 


=z SEMICONDUCTOR OE 


TECHNICAL DATA nae 


_ MRF607 


The RF Line | 7 
NPN SILICON RF POWER TRANSISTOR 1.75 W — Yo Mile 
| a | RF POWER 
TRANSISTOR 
NPN SILICON 


... designed for amplifier, frequency multiplier, or oscillator ap- 
plications in military, mobile, marine and citizens band equipment. 
Suitable for use as output driver or pre-driver stages in VHF and 

UHF equipment. 


@ Specified 12.5 Volt, 175 MHz Characteristics — 
Output Power = 1.75 Watts 

Minimum Gain = 11.5 dB 

Efficiency = 50% 


®@ Characterized through 225 MHz 


MAXIMUM RATINGS 


STYLE 1: 
PIN 1. EMITTER 


Scoutecron [419035 0010 © [t[4@[H O] 


Collector Current — Continuous 


Total Device Dissipation @ Tc = 75°C (1) 3.5 Watts 
Derate above 75°C . 28 mw/°c 
| Storage Temperature Range -65 to +200 


(1) This device is designed for RF operation. The total device dissipation rating applies 
only when the device is operated as a Class B or C RF amplifier. 


NOTES: 
1. DIMENSIONING AND TOLERANCING PER ANS! 
Y14.5M, 1982. 

. CONTROLLING DIMENSION: INCH. 

. DIMENSION J MEASURED FROM DIMENSION A 
MAXIMUM. 

. DIMENSION B SHALL NOT VARY MORE THAN 0.25 

. (0.010) IN ZONE R. THIS ZONE CONTROLLED FOR 
AUTOMATIC HANDLING. 

. DIMENSION F APPLIES BETWEEN DIMENSION P 
AND L. DIMENSION D APPLIES BETWEEN 
DIMENSION L AND K MINIMUM. LEAD DIAMETER 
IS UNCONTROLLED iN DIMENSION P AND 
BEYOND DIMENSION K MINIMUM. 


FIGURE 1 — 175 MHz TEST CIRCUIT SCHEMATIC 


C1 — 2.7-15 pF, ARCO 461 L1— 1 Turn #20 AWG, 3/8" ID 

C2 — 9.0-180 pF, ARCO 463 L2 — 3 Turns #20 AWG, 3/8” ID 

C3, C4 — 5.0-80 pF, ARCO 462 ' L3 — 0.22 wH Molded Choke 

C5 — 1000 pF UNELCO L4— 0.15 wH Molded Choke 

C6 — 5.0 wF, 25 Vde, TANTALUM... - with FERROXCUBE 
56-590-65-3B Bead on 
ground lead 


CASE 79-04 
TO-205AD 
(TO-39) 


MOTOROLA RF DEVICE DATA 


2-783 


MRF607 


ELECTRICAL CHARACTERISTICS (Te = 25°C unless otherwise noted.) 


| symbot | Min | max | unit 
OFF CHARACTERISTICS | 


Collector-Emitter Breakdown Voltage V(BR)CEO Vde 
(Ic = 25 mAdc, Ip = 0) 

Collector-E mitter Breakdown Voitage V(BR)CES 36 Vde 
(Ic = 25.mAdc, Vee = 9) 

Emitter-Base Breakdown Voltage. ViBR)EBO 3.5 Vdc 
(ig = 0.5 mAdc, Ic = 0). | | 

Collector Cutoff Current . 'CEO 0.3 — mAdc . 
(Veg = 10 Vde, Ig = 0) | 


ON CHARACTERISTICS 


DC Current Gain ~ 
(I¢ = 50 mAdc, Vcge = 5.0 Vdc) 


Characteristic 


DYNAMIC CHARACTERISTICS 


Output Capacitance 
(Vop = 12 Vdc, Ig = 0, f = 1.0 MHz) 


FUNCTIONAL TEST (Figure 1) 


Common-Emitter Amplifier Power Gain | 

(Pout = 1.75 W, Voc = 12.5 Vdc, f = 175 MHz) 
Collector Efficiency 

(Pout = 1.75 W, Voc = 12.5 Vde, f = 175 MHz) | 


TYPICAL PERFORMANCE DATA 


FIGURE 2— OUTPUT POWER versus FREQUENCY FIGURE 3 — OUTPUT POWER versus INPUT POWER 
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. FIGURE 5 — SERIES EQUIVALENT IMPEDANCE 
PARAMETERS 


FIGURE 4 — OUTPUT POWER versus SUPPLY VOLTAGE 
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VCC, SUPPLY VOLTAGE (VOLTS) *ZoL_ = Conjugate of the optimum. load impedance into which the device output 
| operates at a given output power, voltage and frequency. 
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MOTOROLA | 
= SEMICONDUCTOR ys 
TECHNICAL DATA One 


MRF627 


The RF Line 0.5 W - 470 MHz 


HIGH FREQUENCY 
TRANSISTOR 


NPN SILICON 


NPN SILICON HIGH FREQUENCY TRANSISTOR 


.. . designed for 12.5 Volt UHF large-signal amplifier applications in 
industrial and commercial FM equipment operating in the 407 to 
512 MHz range. Ideally suited for requirements that specify opti- 
mum performance in a limited space. 


@ Specified 12.5 Volt, 470 MHz Characteristics — 
Output Power = 0.5 Watts 
Minimum Gain = 10 dB 
Efficiency = 60% 


MAXIMUM RATINGS 
STYLE 1: 
PIN 1. EMITTER 


Collector-Emitter Voltage V Vde 
Eee 2. BASE 
Collector-Base Voltage VcBO 3. EMITTER 
Total Device Dissipation @ Tc = 25°C 2.5 Watts 
Derate Above 25°C 35 mW /°Cc 
Storage Temperature Range —65 to +150 
LIMETERS 


: 


THERMAL CHARACTERISTICS 


Characteristic Symbol! | Max 
Thermal Resistance, Junction to Case 


: S 
ho 
So 
oS 


@ |= | 
HB (oo [no 
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alo 
2 | 
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CASE 305A-01 
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MRF627 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 


Symbor_ [Min [we [Mx um 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voitage 
(Ic = 5.0 mAdc, Ip = 0) 

Coilector-Base Breakdown Voltage 
(Ic = 0.1 mAdc, Ig = 0) 


Emitter-Base Breakdown Voltage 


(1g = 0.1 mAdc, Ic = 0) 
Collector Cutoff Current 
(VcE = 12 Vdc, Ip = 0) 


ON CHARACTERISTICS 
DC Current Gain ) 


(1¢ = 50 mAdc, VcgE = 10 Vdc) 
DYNAMIC CHARACTERISTICS 


Current-Gain—Bandwidth Product 
(Ic = 50 mAdc, Vcg = 12.5 Vdc, f = 200 MHz) 
(Ic = 100 mAdc, Veg = 12.5 Vde, f = 200 MHz) 
(I¢ = 150 mAdc, VcgE = 12.5 Vdc, f = 200 MHz) 


Output Capacitance 
(Vcop = 12.5 Vde, Ie = 0, f = 1.0 MHz) 


| input Capacitance | 
(VBE = 1.0 Vdc, Ic = 0, f = 1.0 MHz) 


FUNCTIONAL TESTS 


Common-Emitter Amplifier Power Gain 
(Voc = 12.5 Vde, Pout = 0.5 W, f = 470 MHz) 


Series Equivalent tnput Impedance 
(Vec-= 12.5 Vde, Pout = 0.5 W, f = 470 MHz) 


Series Equivalent Output Impedance 
(Vcc = 12.5 Vde, Poy = 0.5 W, f = 470 MHz) 


FIGURE 2 — OUTPUT CAPACITANCE versus 
FIGURE 1 — OUTPUT POWER versus INPUT POWER COLLECTOR BASE VOLTAGE 
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FIGURE 3 — 470 MHz TEST CIRCUIT SCHEMATIC 


B1— Ferroxcube Bead — 56-590-65-3B TL1 — Micro Strip 0.26” x 2.9” Board — 0.062" Glass Teflon 
C1, C2, C8, C10 — Johanson Trimmer, JMC #5501 TL2 — Micro Strip 0.055” x 3.9” 2 oz. Cu. CLAD 

C3 — 100 pF Unelco 350 Vdc J101 TL3 — Micro Strip 0.26” x 2.9” €r = 2.55 

C4 — 15 pF Unelco TL4 — Micro Strip 0.50” x 1.2” 

C5, C6 — 680 pF Allen Bradley, Feed-Thru TL5 — Micro Strip 0.055” x 2.9” 

C7 — 0.1 wF Monolithic L1 — #18 AWG Wire 0.750” Long 

C9 — 1 wF Tantalum Sprague + 10% 35 Vdc L2 — 2 Turns #18 AWG ID = 0.2” 

C11 — 30 pF Electrolytic 25 Vdc L3 — VK200 20/4B 


FIGURE 4 — 470 MHz TEST CIRCUIT LAYOUT 


400-510 
MHz Test 
Circuit | 


~ 2N5944-46_ 


NOTE: The Printed Circuit Board shown is 75% of the original. 
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FIGURE 5 — TYPICAL S11 and S59 versus FREQUENCY 


MRF627 
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“MOTOROLA RF DEVICE DATA 
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MOTOROLA 


TECHNICAL DATA 


MRF630 


The RF Line | 
| . 3 3.0W 470 MHz 


RF POWER 
TRANSISTOR © 


| : - NPN SILICON 
NPN SILICON RF POWER TRANSISTOR 


... designed for 12.5 Volt UHF large-signal, amplifier applications 
in industrial and commercial FM equipment operating to 512 MHz. 
® Specified 12.5 Volt, 470 MHz Characteristics 

Output Power = 3.0 Watts 

Minimum Gain = 9.5 dB 

Efficiency = 55% 
®@ Characterized with Series Equivalent Large-Signal Impedance 

Parameters 
@ Grounded Emitter TO-205AD (TO-39) Type Package for High 
Gain and Excellent Heat Dissipation 


@ Replaces Medium-Power Stud Mounted Devices 


® Gold Metallized, Emitter Ballasted for Long Life and Resistance 
to Metal Migration 


STYLE 5: 


PIN 1. COLLECTOR a 
2. BASE —o||——p 3 PL 


3 emitter — [4] 6 0.36 0.014) ® [Tt] a @[ oH @] 


NOTES: 

. DIMENSIONING AND TOLERANCING PER ANS! 
Y14.5M, 1982. 

CONTROLLING DIMENSION: INCH. 

DIMENSION J MEASURED FROM DIMENSION A 
Collector-Emitter Voltage MAXIMUM, . 

DIMENSION B SHALL NOT VARY MORE THAN 0.25 
(0.010) IN ZONE R. THIS ZONE CONTROLLED FOR 
AUTOMATIC HANDLING. 

DIMENSION F APPLIES BETWEEN DIMENSION P 
AND L. DIMENSION D APPLIES BETWEEN 
DIMENSION L AND K MINIMUM. LEAD DIAMETER 
IS UNCONTROLLED IN DIMENSION P AND 
BEYOND DIMENSION K MINIMUM. 


_— 


MAXIMUM RATINGS 
Rating 


nN 


w 


> 


Collector-Base Voltage 


Emitter-Base Voltage 


on 


Collector Current — Continuous 


Total Device Dissipation @ Tc = 25°C 
-Derate Above 25°C 


bat = 
MILLIMETERS INCHES 
a Ran arvrera 
Storage Temperature ge : | pm [mi MAX MN MAX 


a 1902 1. 929 10.355 | 0.366 
| B 8.01 850 | 0.315 | 0.335 
iC 4.20 457 | 0.165 | 0.180 
|_D 0.44 0.53 | 0.017 | 0.021 

0.44 0.88 | 0.017 {| 0.035 | 


0.019 


THERMAL CHARACTERISTICS 


Thermal Resistance, Junction to Case RoJc 


G 
H 
J 
K 


0.74 
CASE 79-05 
-205AD L 6.35 
102 


(TO-39) 


P 
R | 2 
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ELECTRICAL CHARACTERISTICS (T¢ = 25°C unless otherwise noted) 


_ Characteristic : : 

OFF CHARACTERISTICS Pas ie : 

Collector-Emitter Breakdown Voltage ViBR)CES ~ 36 Vde 
(Ic = 50 mAdc, Veg = O) . 

Emitter-Base Breakdown Voltage ViBR)EBO 4.0 Vde 
(IE = 1.0 mAdc, Ic = 0) a 

Collector Cutoff Current <i IcES mAdc 
(VcE = 12.5 Vdc, Veg = 0, Tc = 25°C) 


ON CHARACTERISTICS 


DC Current Gain | Nee 20 
(Ic = 100 mAdc, Vcg = 5.0 Vdc) 


DYNAMIC CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(Ic = 50 mAdc, Ig = 0) 


Output Capacitance 
(Vcp = 12.5 Vdc, Ie = 0, f = 1.0 MHz) 


FUNCTIONAL TEST 


Common-Emitter Amplifier Power Gain (Fig. 1) 
(Vcc = 12.5 Vde, Poyt = 3.0 W, f = 470 MHz) 


Coilector Efficiency (Fig. 7) 
(Voc = 12.5 Vde, Poyt = 3.0 W, f = 470 MHz) 


12.5 Vde 


Output 


RF Input 


C1, C7 — 1.5 - 20 pF Johanson : L1, L2 — Copper Strap, 1” Length x 0.225 Width x 0.005” Thickness 
C2, C6 — 1 - 10 pF Johanson L3 — 0.33 wH Molded Choke 

C3, C4 — 27 pF Mini-Unelco L4 — 0.12 uwH Molded Choke 

C8 — 250 pF Unelco L5 — 1.2 wH Molded Choke 

C9 — 0.047 uF Erie Disc Cap 10 V R1— 100, 1/4W 

C10 — 1.0 uF Electrolytic 
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Pout) POWER OUTPUT (W) 


Pout) POWER OUTPUT (W) 


FIGURE 2 — OUTPUT POWER versus INPUT POWER 
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FIGURE 4 — POWER OUT versus SUPPLY VOLTAGE 
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FIGURE 3 — OUTPUT POWER versus FREQUENCY 
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FIGURE 5 — SERIES EQUIVALENT IMPEDANCE |. 
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FIGURE 6 — OUTPUT POWER versus FREQUENCY, 
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FIGURE 7 — MRF630 BROADBAND CIRCUIT 
420-520 MHz 


C1, C5 — 43 pF Mini-Unelco 
C2 — 10 pF Mini-Unelco 

C3 — 18 pF Mini-Unelco 

C4 ~ 27 pF Mini-Unelco 

C6 — 6.8 pF Mini-Unelco 
C7 — 220 pF Ceramic Chip 
C8 — 0.1 mF 

C9 — 1.0 mF Tantalum 


RFC1 — 0.47 wH Molded Choke 

RFC2 — 1.0 wH Molded Choke 

RFC3 — 0.3 «H Molded Choke 
R1—1209/1/4W . 

TL1 — Transmission Line 0.166” = 1.85” (WXL) 
TL2 — Transmission Line 0.166” x 1.77” (WXL) 
Board Material — 2 0z. 0.0625” TFG 


FIGURE 8 — BROADBAND CIRCUIT 
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RFC3 


Bead 
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MOTOROLA ne 4%, 
=e SEMICONDUCTOR yyy 
TECHNICAL DATA 


MRF641 


The RF Line © | 
| : 15 W — 470 MHz 


CONTROLLED Q 


RF POWER 
TRANSISTOR 


... designed for 12.5 Volt UHF large-signal amplifier applications — i NPN SILICON 
in industrial and commercial FM equipment operating to 512 MHz. 


NPN SILICON RF POWER TRANSISTOR 


Specified 12.5 Volt, 470 MHz Characteristics — 
Output Power = 15 Watts 
Minimum Gain = 7.8 dB 
Efficiency = 55% 


Characterized with Series Equivalent Large-Signal Impedance 
Parameters - 


Built-In Matching Network for Broadband Operation 


Tested for Load Mismatch Stress at all Phase Angles with 
20:1 VSWR @ 16-Volt High Line and Overdrive. 


STYLE 1: 
PIN 1. EMITTER 
2. COLLECTOR 
3. EMITTER 


Total Device Dissipation @ Tc = 25°C FLANGE {S ISOLATED IN ALL STYLES. 
Derate above 25°C 


MILLIMETERS 
Storage Temperature Range MAX 


25.14 
THERMAL CHARACTERISTICS : 


5.97 7.62 
Thermal Resistance, Junction to Case 5.58 


3.04 
5.33 


CASE 316-01 


MOTOROLA RF DEVICE DATA 
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ELECTRICAL CHARACTERISTICS (To = 25°C unless otherwise noted.) 


symbol [Min | Typ [Max [unt | 


OFF CHARACTERISTICS | 
Collector-Emitter Breakdown Voltage V(BR)CEO 16 
(Ic = 20 mAdc, Ip = 0) 
QO 


Collector-Emitter Breakdown Voltage V(BR)CES 
(Iq = 20 mAdc, Veg = O) 
Emitter-Base Breakdown. Voltage | V(BR)EBO Le Vdc 


(Ig = 5.0 mAdc, Ic = 0) 


Collector Cutoff Current Ices 
(Voce = 15 Vde, Vee = 0, Te = 25°C) 


ON CHARACTERISTICS 


DC Current Gain hee 30 70 
(Ic = 1.0 Adc, VcgE = 5.0 Vde) 


DYNAMIC CHARACTERISTICS 


Output Capacitance Cob pF 
(Vop = 12.5 Vdc, Ie = 0, f = 1.0 MHz) 


FUNCTIONAL TESTS 


Common-Emitter Amplifier Power Gain 
(Voc = 12.5 Vde, Poyt = 15 W, f = 470 MHz) 


Collector Efficiency 
(Vcc = 12.5 Vdc, Pout = 15 W, f = 470 MHz) 


Output Mismatch Stress 
(Voc = 16 Vdc, Pi, = 3.0 W, f = 470 MHz, VSWR = 20:1, 
All Phase Angles) 


No Degradation in Output Power 


FIGURE 1 — TEST CIRCUIT SCHEMATIC 


RFC1 


C12 RF Output 


a }« 


Z1= 1.225” X 0.187” Microstrip 
Z2 = 0.884” X 0.187” Microstrip 
Z3 = Capacitor Block (Base) 

24 = Collector Block 
Z5= 1.1" X 0.187” Microstrip 
26 = 0.433” X 0.187” Microstrip 
Z27=0.4" X 0.187” Microstrip 


_ Dotted Area — Capacitor Assembly 


PARTS 


C1, C2 ~ 0.8-10 pF Johanson 

C3, C4 — 24 pF Chip Caps 100 mils ATC 
C5, C6 — 22 pF Chip Caps 100 mils ATC 
C12 — 220 pF Chip Cap 100 mils ATC 
C7,C11— 1.0 uF Tantalum 35 Vde 

C9, C10 — 680 pF Feedthrough Allen-Bradley 
C13 — 200 pF UNELCO 

C8 — 0.1 uF, 50 V Erie Red Cap 

RFC1 — VK 200 — 104B Ferrite Choke 
L1—4 Turns 0.2’’ Dia. #16 AWG 

L2 — 9 Turns 0.15” Dia. #16 AWG 


Bead — Ferroxcube 56-590-65-35EB 


2-794 


MOTOROLA RF DEVICE DATA 


NOTES 
**C5, C6, are mounted as close to the capacitor 
assembly as possible. 
££C3, C4 are mounted in the capacitor assembly. 
Board — 62.5 mil Glass Teflon, €R = 2.55. . 


-MRF641—— 


FIGURE 2 — POWER OUTPUT versus POWER INPUT | FIGURE 3 — POWER OUTPUT versus FREQUENCY or 
a Sa RM a 
- 27 
— ee ee ee ee ee 
a 24 , 2 
EY ii a a Na 
Ei ot = 
aoe Pa he a aa 
a ae SE ee 
oe ee ee 
22 60 ee eae 
a a ioe ce es 
0 0.5 1.0 1.5 2.0 25 30° 3.5 40 4.5 5.0 
Pig POWER INPUT (WATTS) : | : | f, FREQUENCY (MHz) 


_ FIGURE 4 — POWER atreur versus SUPPLY VOLTAGE _ & FIGURES — POWER SATURATION PROFILE | 
see fo 
f= 470 MH 
: aS Ge a ee 
: nae == 
‘ieee eee oe es 
| a Ea 
: = (eae a 
3, ‘ ol cee 
. ae a ae 
ee a ae 
7 0 05 1.0 15 #20 25 30 35 40 4.5 5.0 
Voc, SUPPLY VOLTAGE (VOLTS) P._, POWER INPUT (WATTS) 


FIGURE 6 — SERIES EQUIVALENT INPUT-OUTPUT IMPEDANCE 
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'  **Zo 1 = Conjugate of the load impedance into which the device output operates at a given power, 7, and frequency. 


“MOTOROLA RE DEVICE DATA 
2-795 


MRF641 . 


MRF641 TEST CIRCUIT 


MRF641CKT 


MOTOROLA RF DEVICE DATA 
2-796 


MOTOROLA 
= SEMICONDUCTOR yy : i= 
TECHNICAL DATA | 
MRF644 


The RF Line 


25 W — 470 MHz 
CONTROLLED Q 


NPN SILICON RF POWER TRANSISTOR RF POWER 
| TRANSISTOR 


NPN SILICON 


_. . designed for 12.5 Volt UHF large-signal amplifier applications in 
industrial and commercial FM equipment operating to 512 MHz. 


@ Specified 12.5 Volt, 470 MHz Characteristics — 
Output Power = 25 Watts 


Minimum Gain = 6.2 dB 
Efficiency = 60% 

@® Characterized with Series Equivalent Large-Signal Impedance 
Parameters 

@® Built-In Matching Network for Broadband Operation 


© Tested for Load Mismatch Stress at all Phase Angles with 
20:1 VSWR @ 16-Volt High Line and 50% Overdrive. 


STYLE 1: 
PIN 1. EMITTER 
2. COLLECTOR 
3. EMITTER 


MAXIMUM RATINGS | | 
| CRating = Symbol 
Collector-Emitter Voltage 
Collector-Base Voltage 
itter- NOTE: oa , 
EUer Bane voltage FLANGE IS ISOLATED IN ALL STYLES. 


Collector Current — Continuous 


Total Device Dissipation @ Tc = 25°C 


Derate above 25°C — 


THERMAL CHARACTERISTICS | | 


Thermal Resistance, Junction to Case | Rec. 7 


MOTOROLA RF DEVICE DATA — 


2-797 


MRF644 


Collector-Emitter Breakdown Voltage 
(I¢ = 20 mAdc, Ip = 0) 


Emitter-Base Breakdown Voltage 
(Ie = 5.0 mAdc, Ic = O) 
Collector Cutoff Current 
(VcE = 15 Vdc, Vee = 0, Tc = 25°C) 


ON CHARACTERISTICS 


DC Current Gain hee 70 100 
(Ic = 4.0 Adc, Vcg = 5.0 Vdc) 


DYNAMIC CHARACTERISTICS 


Output Capacitance 
(Vop = 12.5 Vde, Ie = 0, f = 1.0 MHz) 


FUNCTIONAL TESTS 


Common-Emitter Amplifier Power Gain 
(Vec = 12.5 Vdc, Poyt = 25 W, Ic (MAX) = 3.6 Ade, f = 470 MHz) 
Input Power 
(Voc = 12.5 Vde, Poyt = 25 W, f = 470 MHz) 
Collector Efficiency 
(Voc = 12.5 Vde, Pout = 25 W, Ic (MAX) = 3.6 Adc, f = 470 MHz) 
Output Mismatch Stress , No Degradation in Output Power 
(Voc = 16 Vde, Pin = Note 1, f = 470 MHz, VSWR = 20:1, 
All Phase Angles) 


Series Equivalent Input Impedance 1.24+j3.3 Ohms 
(Vcc = 12.5 Vdc, Pout = 25 W, f = 470 MHz) 

Series Equivalent Output Impedance 1.9+j2.1 Ohms 
(Vcc = 12.5 Vdc, Pout = 25 W, f = 470 MHz) 


Notes: 
1. Pjq = 150% of Drive Requirement for 25 W Output at 12.5 Vde. 
* w = Mismatch stress factor—the electrical criterion established to verify the device resistance to load mismatch failure. The mismatch 
' stress test is accomplished in the standard test fixture (Figure 1) terminated in a 20:1 minimum load mismatch at all phase angles. 


FIGURE 1 — TEST CIRCUIT SCHEMATIC 


RFC1 
O—O O-O O 
ot C14 
Ci2 


= : 
cs 
Ci1,C2,C7,C8 1—20 pF JOHANSON Variable C12,C13 680 pF Feedthrough Z3 0.20" x 0.20" Microstrip 
C3 27 pF 100 mil ATC L1 5° #22 AWG 0.100” ID Z4,25 1/2" #18 AWG bent ina 
C4 30 pF 100 mil ATC L2 5" #20 AWG 0.187"' ID “V" shape 1/8’’ Wide 
c5, C6 33 pF 100 mil ATC RFC1 Ferroxcube VK200-20-4B 26 0.20” x 0.20’' Microstrip 
cg 250 pF 100 mil ATC B Ferroxcube Bead 56-590-65-3B 27 0.70" x 0.20"’ Microstrip 
C10 _ 100 pF UNELCO 21 0.25” x 0.20’ Microstrip z8 0.33" x 0.20"" Microstrip 
c11,C014 1 WF 35 V TANTALUM 22 1.63" x 0.20" Microstrip z9 , 0.50" x 0.20"' Microstrip 


Board 62.5 mil Glass Teflon, €R = 2.55 


MOTOROLA RF DEVICE DATA 
2-798 


MRF644 


FIGURE 2 — POWER OUTPUT versus POWER INPUT FIGURE 3 —. POWER OUTPUT versus FREQUENCY 


Pout POWER OUTPUT (WATTS) 
Pout, POWER OUTPUT (WATTS) 


1020 30° 4.0 5.0 co Oe Be oe. 
P..,, POWER INPUT (WATTS) 


FIGURE 4 — POWER OUTPUT versus SUPPLY VOLTAGE 
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Voc, SUPPLY VOLTAGE (VOLTS) | re: : Pin, POWER INPUT (WATTS). 


FIGURE 7 — SERIES EQUIVALENT INPUT-OUTPUT IMPEDANCE 


G3 


Ne 
o 


1.21 + j3.47 | 1.76 + j1.96 
| 470‘ [1.21 + j3.25 | 1.90 + j2.14 
512 1.06 + j2.09 | 1.96 + j2.34 


*ZoL = Conjugate of the optimum load impedance into which the device output 
operates at a given output power, voltage and frequency. 


NaNo> HO 
N 
Bad 


MOTOROLA RF DEVICE DATA 
2-799 


MRF644 


FIGURE 8 — MRF644 TEST FIXTURE 


MRF644 TEST CKT. 8/75 REV.O1 


NOTE: The Printed Circuit Board shown is 75% of the original. 
FIGURE 9 — PRINTED CIRCUIT BOARD 


MOTOROLA RF DEVICE DATA 
2-800 


MOTOROLA a | 
= SEMICONDUCTOR sa 
TECHNICAL DATA 


-MRF646— 


45 W — 470 MHz © 
CONTROLLEDO 
RF POWER» 
TRANSISTOR 
NPN SILICON 


NPN SILICON RF POWER TRANSISTOR | 


= . designed for 12.5 Volt UHF large-signal amplifier applications in 
industrial and commercial FM equipment operating to 512 MHz. 


.® Specified 12.5 Volt, 470 MHz Characteristics — 
Output Power = 45 Watts 
Minimum Gain = 4.8 dB 
Efficiency = 55% . 

| Characterized with Series Equivalent Large-Signal Impedance: 
Parameters : 
Built-In Matching Network for Broadband Operation © 


Tested for Load Mismatch Stress at all Phase Angles with 
20:1 VSWR @ 16-Volt High Line and 50% Overdrive. 


STYLE 1: 
PIN 1. EMITTER 
2. COLLECTOR 
3. EMITTER 


MAXIMUM RATINGS . 
Rating 


[Symbot [Valve [Unie 
Collector-Emitter Voltage | Vcco | 16 | Vdc. 
V 
: | Ww 


FLANGE !S ISOLATED IN ALL STYLES. 


Collector Current — Continuous Ic | 90 | 
MILLIMETERS INCHES 


Total Device Dissipation @ Tc = 25°C 117 Watts 
Derate above 25°C 0.67 °C ae mae 
Storage Temperature Range. —65 to +150 Ors 4 12.45 | 12.95 


THERMAL CHARACTERISTICS | ere 


Thermal Resistance, Junction to Case . Rac 216 | ie 


5.08 | 5.33 
18.29 | 18.54 
0.10 | 0.15 
10.29 
3.81 
| _3.81 
2.92 


dc 
dc 
Emitter-Base Voltage —_ Vepo | 40 | Vde | 
de. * 
; ee 


CASE 316-01 


MOTOROLA RF DEVICE DATA 


2-801 


MRF646 


ELECTRICAL CHARACTERISTICS iTo= 25°C unless aiberwise noted. ) 


- Characteristic . 


OFF CHARACTERISTICS — ee ee 
Collector- Emitter Breakdown Voltage’ a | : ei ree [T= 
| (Ile = 20 mAde, 1g =0) | __ 
(Iq = 20 mAdc, Vee = 0) . . 
(Ie = 5.0 mAdc, Ic = 0) Soa 


Collector Cutoff Current 


(Voge = 15 Vde, Veg = 0, Tc = 25°C) 
ON CHARACTERISTICS 


DC Current Gain hFE 70 
(Ic = 4.0 Adc, Vcg = 5.0 Vde) 


DYNAMIC CHARACTERISTICS 
Output Capacitance 
(Vcp = 12.5 Vde, Ie = 0, f = 1.0 MHz) 
FUNCTIONAL TESTS 
Common-Emitter Amplifier Power Gain 
(Vcc = 12.5 Vde, Pout = 45 W, Ic (Max) = 5.8 Adc, f = 470 MHz). 
Input Power 
(Vcc = 12.5 Vdc, Pout = 45 W, f = 470 MHz) 
Collector Efficiency 
(Voc = 12.5 Vdc, Poyt = 45 W, Ic (Max) = 5. 8 Adc, f = 470 MHz) 


| Load Mismatch Stress 
(Vcc = 16 Vdc, Pip = Note 1, f = 470 MHz, VSWR = 20:1, 
All Phase Angles) 
Series Equivalent Input |mpedance 
(Vcc = 12.5 Vdc, Poyt = 45 W, f = 470 MHz) 
Series Equivalent Output Impedance 
(Voc = 12.5 Vde, Pout = 45 W, f = 470 MHz) 


Notes: 
1. Pin = 150% of Drive Requirement for 45 W output @ 12.5 V. 


* wy = Mismatch stress factor—the electrical criterion established to verify the device resistance to load mismatch failure, The mismatch 
stress test is accomplished in the standard test fixture (Figure 1) terminated in a 20:1 minimum load mismatch at all phase angles. 


FIGURE 1 — TEST CIRCUIT SCHEMATIC 


c1,Cc8 1.0—20 pF JOHANSON *L2 5° # 20 AWG, 0.1’ 1.D. 
C2 100 pF UNELCO RFC1 Ferroxcube VR200-20-4B 
C3, C6 33 PF 100 mil ATC Z21 0,525” x 0.190" Microstrip 
C4 - 30 pF 100 mil ATC 22 1.475" x 0.190’ Microstrip 
C5 39 pF 100 mi ATC Z3,Z24 . (0.2 x 0.2)/0.25 Alumina 
C7 1—10 pF JOHANSON Z5 0.190” x 0.190” Microstrip 
cg 100 pF 100 mil ATC 26 1.150” x 0.190” Microstrip 
C10, C13 1 uF 35 V TANTALUM 27 0.660” x 0.190’ Microstrip 
C11, C12 680 pF Feedthrough Board 62.5 mil Glass Teflon, 

B Ferroxcube Bead 56-590-65-3B ER = 2.55, A = 0.0018 


1 5” # 22 AWG, 0.1" 1.D. 


MOTOROLA RF DEVICE DATA 
2-802 


MRF646 


FIGURE 2 — POWER OUTPUT versus POWER INPUT FIGURE 3 — POWER OUTPUT versus FREQUENCY 
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FIGURE 7 — SERIES EQUIVALENT 
INPUT-OUTPUT IMPEDANCE 


$ 0.45 
CLIT IOLLT 
26-25 PEE PHT Zo * F 2.8 a. 012 Mie 
oe goane SeseeRnns i THAD 
Grshecceesetetsererssns Cre a2 
Yo eee rrr re, ! 
eeeeeceerasee a 
ee ene anne ie 
cede Lis 
eat HAT? 
CCT PADD 
: e' 
Boetsesese i HF 512 MHz 
pe eeetnas r fe 
sae 3 PALL 
rs 


Fre 
( 


3 BT AL AP KY 


quency Zin: Zo.* 
MHz) (Ohms) (Ohms) 


*ZoL = Conjugate of the optimum load impedance into which the device output 
operates at a given output power, voltage and frequency. 


MOTOROLA RF DEVICE DATA 
2-803 


MRF646 


FIGURE 8 — MRF644 TEST FIXTURE 


‘NOTE: The Printed Circuit Board shown is 75% of the original. 


FIGURE 9 — PRINTED CIRCUIT BOARD 


MOTOROLA RF DEVICE DATA 
2-804 


| MOTOROLA ; 
SEMICONDUCTOR yy 
TECHNICAL DATA _ 


- MRF648 


7 The RF Line 
60 W — 470 MHz 


CONTROLLED O 


RF POWER 
TRANSISTOR 


NPN SILICON 


NPN SILICON RF POWER TRANSISTOR 


... designed for 12.5 Volt UHF large-signal amplifier applications in 
industrial and commercial FM equipment operating to 512 MHz. 


@ Specified 12.5 Volt, 470 MHz Characteristics -- 
Output Power = 60 Watts | 
Minimum Gain = 4.4 dB 
Efficiency = 55% 
@® Characterized with Series Equivalent Large-Signal Impedance 
Parameters | 
Built-In Matching Network for Broadband Operation 
Tested for Load Mismatch Stress at all Phase Angles with 
20:1 VSWR @ 16-Volt High Line and 20% Overdrive . 


STYLE 1: 
PIN 1. EMITTER 
2 COLLECTOR 
3. EMITTER 
4. BASE 


MAXIMUM RATINGS 

Rating ————~*d:*CS mba 

[Coectoréminer votage ———~S*d:Ccg P18 
aes 
10 


NOTE: 
FLANGE IS ISOLATED IN ALL STYLES. 


Emitter-Base Voltage VEBO 
Collector Current — Continuous 


Total Device Dissipation @ Tc = 25°C 175 Watts 
Derate above 25°C 1.0 . WIC 
Storage Temperature Range | 


THERMAL CHARACTERISTICS 


Thermal Resistance, Junction to Case ReJc 


INCHES 


CASE 316-01 


MOTOROLA RF DEVICE DATA 


2-805 


MRF648 


ELECTRICAL CHARACTERISTICS (To = 25°C unless otherwise noted.) - 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage V(BR)CEO Vde 
(Ic = 50 mAdc,.1p = 0) 
Collector-Emitter Breakdown Voltage VIBR)CES 36 Vdc 
(lc = 50 mAdc, Vege = 0) . 
Emitter-Base Breakdown Voltage . ViBR)EBO 4.0 Vde 
(Ie = 5.0mAdc, tc = 0) . 
Collector Cutoff Current Ices 15 mAdc 
(VcE = 15 Vdc, VBE = QO, Tc = 25°C) ; are 


ON CHARACTERISTICS 


DC Current Gain | hee 20 70 150 
(Ic = 6.0 Adc, Veg = 5.0 Vdc) 


DYNAMIC CHARACTERISTICS 


Output Capacitance 
(VcB = 12.5 Vdc, Ie me QO, f = 1.0 MHz) 


FUNCTIONAL TESTS 


Common-Emitter Amplifier Power Gain 
(Vcc = 12.5 Vdc, Pout = 60 W, f = 470 MHz) 


Input Power 


(Voc = 12.5 Vde, Pou, = 60 W, f = 470 MHz) 


out 
Collector Efficiency 


(Voc = 12.5 Vde, Po., = 60 W, f = 470 MHz) 


out 
Output Mismatch Stress No Degradation in Output Power 
(Vcc = 16 Vdc, Pi, = 26 W, f = 470 MHz, VSWR = 20:1, 
All Phase Angles) 


Notes: 
* Wy =Mismatch stress factor—the electrical criterion established to verify the device resistance to load mismatch failure. The mismatch 
stress test is accomplished in the standard test fixture (Figure 1) terminated tn a 20:1 minimum load mismatch at all phase angles. 


FIGURE 1 — TEST CIRCUIT SCHEMATIC 


RFC1 
B 
C3 ae 1. 
L1 C4 C6 L2 
= 
{_% 
S 
p / 
on C2 c5 C8 C10 

ci, C2, C8, C10 1-20 pF Johanson C12, C13. 680 pF Feedthrough 22 1.39" K 0.190": Microstrip 
C3 200 pF Unelco B Ferroxcube Bead 56.590 65-3B 23,24. (0.2 X 0.2)/0.25 Alumina 
c4,C5 33 pF 100mil ATC 1 10 Turns =26 AWG 0.1" 1.0. X 0.23" 25 1.30°° X 0.190” Microstrip 
C6,C7 - 36 pF 100mil ATC L2 ~ 10 Turns =20 AWG 0.1" 1.D.X 0.50" 26 0.330"' X 0.190" Microstrip 
cg 100 pF 100mi!l ATC RFC1 - Ferroxcube VR200.19-4B Board 62.5mil Glass Teflon, €R = 2.55, 


C11,C14 ~~ 1.0 uF 35 V Tantalum 21 0.46"’ X 0.190" Microstrip A = 0.0018, Dimension: 
5.0" X 3.0" K 0.06” 


MOTOROLA RF DEVICE DATA 
2-806 


- MRF6&4B 


FIGURE 2— POWER OUTPUT versus itits=<i~sts‘~s*sSCSSSCR GU RE 3 POWER OUTPUT versus 
fe Do ee POWER INPUT, 0 8 oS ORES GR ee eG ad SOP RREQUENGY. 2: : 


Pout, POWER OUTPUT (WATTS) 
Pout, POWER OUTPUT (WATTS) > 


60 9.0 12 15 121 24. 2 30 
P;,, POWER INPUT (WATTS) Kees! ae f, FREQUENCY (MHz) 


FIGURE 4 — POWER OUTPUT versus | | | 
SUPPLY VOLTAGE FIGURE 5 — POWER SATURATION PROFILE 


Pout, POWER OUTPUT (WATTS) 
Pout ~Pin (WATTS) 


8.0 9.0 10 iF 12 13 4 9 15 16 
Vec, SUPPLY VOLTAGE (VOLTS) P.,, POWER INPUT (WATTS) 


‘ FIGURE 6 — SERIES EQUIVALENT 
INPUT-OUTPUT IMPEDANCE 


! oe = a <n 
Fees 
Sousesne 

eeemaiag: i 
aa etn rat Hy 


0.97 + j2.4 
1.05 + j2.5 


0.76 + j3.1- 
0.80 + j3.2 
0.82 +j3.3 | 1.10+j2.7 
1.00 + 53.4 |. 1.10+j29 | - 
1.30 +j3.3 | 080+ j3.1 | 

Vec = 12:5 VOLTS 


Pout = 60 W, 


: 201 = Conjugate of the optimum load impedance into which the device output 
operates at a.given output power, voltage and frequency. 


MOTOROLA RF DEVICE DATA 
2-807 


MRF648 


TEST CIRCUIT TEST FIXTURE 


~ MOTOROLA RF DEVICE DATA 
So 2BOB 


MOTOROLA | | ay 
= SEMICONDUCTOR yyy = 
TECHNICAL DATA | 


The RF Line © 


5.0W 512 MHz 


RF POWER 


TRANSISTOR 


NPN SILICON RF POWER TRANSISTOR 


... designed for 12.5 Vdc UHF large-signal, amplifier applications in NPN SILICON 
industrial and commercial FM equipment operating to 512 MHz. 


@ Guaranteed 12.5 Volt, 512 MHz Characteristics 

Output Power = 5.0 Watts 

Minimum Gain = 10 dB 

Efficiency = 65% (Typ) — 
@ Typical Performance at 870 MHz, 12.5 V, 5.0 W Output = 6.0 dB 
@ Series Equivalent Large-Signal Characterization 
@ Gold Metallized, Emitter Ballasted for Long Life and Reliability 
@ Capable of 30:1 VSWR Load Mismatch at 15.5 V Supply Voltage 


MAXIMUM RATINGS 


Rating 


Collector-Emitter Voltage 


Collector-Base Voltage 


Emitter-Base Voltage 


Collector Current — Continuous 


Total Device Dissipation @ Tc = 25°C wie bt. 
STYLE 1: 


Derate Above 25°C SiN cue 
Storage Temperature Range : sale 


4, COLLECTOR 


Operating Junction Temperature 


THERMAL CHARACTERISTICS 


Characteristic 


Thermal Resistance, Junction to Case — 


| MIN | MAX | MIN | MAX | 
Pa | 706 | 7.26 | 0.278 | 0.286 | 
[| B | 620 | 650 | 0244 | 0256 | 
|_ 16.51 | 0590 | 0.650_ 
| 5.96 | 0.215 | 0.235 | 


| 0.065_| 
0.060 | — | 
0.003 
cee 


T 1a | — | 0050 | 
[3.25 | 0.118 | 0.128 | 
1.77 | 0.055 | 0.070 


3.68 | 0.115 


CASE 244-04 


MOTOROLA RF DEVICE DATA 


2-809 


MRF652 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
ViBR)CES 


(Ic = 25 mAdc, Ip = O) 


Collector-Emitter Breakdown Voltage 
(Ic = 25 mAdc, Veg = O) 


Collector-Base Breakdown Voltage 
(ic = 25 mAdc, Ig = O) 


V(BR)CBO 


Emitter-Base Breakdown Voltage ‘ViBR)EBO 4.0 — —_ Vdc 
(Ie = 5.0 mAdc, Ic = 0) 
Collector Cutoff Current . ICES — — 1.0 mAdc 


(VcE = 15 Vdc, Vee = 0) 
ON CHARACTERISTICS 


DC Current Gain | | HEE 10 = 150 = 
(Ic = 200 mAdc, Vcr = 5.0 Vdc) | i 


DYNAMIC CHARACTERISTICS 


Output Capacitance | Cab oe 9.5 15 pF 
(VcB = 15 Vde, Ie = O, f = 1.0 MHz) 


FUNCTIONAL TEST 


Common-Emitter Amplifier Power Gain f= 512 MHz 
(Vcc = 12.5 Vde, Poyt = 5.0 W) f = 870 MHz as 6.0 = 


Collector Efficiency — 65 — % 
(Vcc = 12.5 Vdc, Poyt = 5.0 W, f = 512 MHz) 


Load Mismatch 
(Vcc = 15.5 Vdc, Poyt = 6.0 W, f = 512 MHz, 
VSWR 30:1 At All Phase Angles) 


No Degradation in Output Power 


FIGURE 1 — 440-512 MHz BROADBAND TEST CIRCUIT 


B2 B3 


T+] 70 +12.5 Vde 


C6 C7 c9 
ae a T “cosro 


C4 L2 
C8 
6 o« 
C1 | 
C5 C10 C11 
4 C12 
BI-B3 — Ferrite Bead C8 — 68 pF Mini-Underwood Mica 
C1 — 7.0 pF Unelco Mica C9 — 1.0 uF Electrolytic 25 V 
C2 — 1.0-6.0 pF Johanson Variable 5201 C10, C11 — 5.0 pF Unelco Mica 
C3 — 15 pF Unelco Mica C12 — 1.0-10 pF Johanson Variable 5501 


L1, L2 — 6 Turns, 20 AWG Wire 0.125” ID 
Z1, 22 -- 25 Ohm uStripline (See Photo-Mask - Figure 7) 
23-25 — 50 Ohm pStripline (See Photo-Mask - Figure 7) 


c4 — 43 pF Mini-Underwood Mica 
C5 — 56.pF Mini-Underwood Mica 


C6 — 1000 pF Unelco Mica Board — 0.032” Glass-Teflon 
C7 — 0.1 uF Ceramic 


MOTOROLA RF DEVICE DATA 
2-810 


_ MRF652_ 
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| FIGURE .3 — OUTPUT POWER versus FREQUENCY 


FIGURE 2: — OUTPUT POWER versus INPUT POWER _ 
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MOTOROLA RF DEVICE DATA 
2-811 


MRF652 


FIGURE 7 — PHOTOMASTER BROADBAND TEST CIRCUIT 


MRF652 TEST CKT ADW 


NOTE: The Printed Circuit Board shown is 75% of the original. 


FIGURE 8 — BROADBAND TEST CIRCUIT 


MOTOROLA RF DEVICE DATA 
2-812 


MOTOROLA | - 
sa SEMICONDUCTOR mam 
‘TECHNICAL DATA 


The RFLine 
NPN Silicon vee 
RF Power Transistor 


MRF653 


10 W 512 MHz 


... designed for 12.5 Volt UHF large-signal amplifier applications in industrial and i ee RF POWER | 
commercial FM equipment operating to 512 MHz. aa - i eit - TRANSISTOR 
@ Specified 12.5 Volt, 512 MHz Characteristics 7 | ne Tay NPN SILICON 


Output Power = 10 W 

Gain = 8 dB (Typ) 

Efficiency = 65% (Typ) 
®@ Gold Metallized, Emitter Ballasted for Long Life and Reliability 
@ Capable of 20:1 VSWR Load'Mismatch at 16 V Supply Voltage 


MAXIMUM RATINGS 


Emitter-Base Voltage 


Collector-Current — Continuous CASE 244-04 


Total Device Dissipation @ Ta = 25°C CERAMIC 


Derate above 25°C 


Storage Temperature Range | 


Operating Junction Temperature 


THERMAL CHARACTERISTICS 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 


OFF CHARACTERISTICS ae a , 

[ Calector-Eminer Breakdown Voage ig = 20 mAde.lp= 0) | Wamceo | 168 | — | — | vee 
Collector-Emitter Breakdown Voltage (Ic = 20 mAdc, Vge = 0) | Werices | 38 | — | — | Vac | 
Emitter-Base Breakdown Voltage (IE = 5 mAdc, Ic = 0) -wereso | 4 | — | — | Vvae | 
Collector Cutoff Current (Vcg = 15 Vdc, VBE = 0) | Z ics | — | - | 


ON CHARACTERISTICS 


DYNAMIC CHARACTERISTICS — | 


FUNCTIONAL TESTS 


Common-Emitter Amplifier Power Gain 
(Vcc = 12.5 Vde, Poyt = 10 W, f = 512 MHz) 


Collector Efficiency 
(Vcc = 12.5 Vdc, Pout = 10 W, f = 512 MHz) 


Load Mismatch Stress No Degradation in Output Power 
(Vcc = 16 Vde, f = 512 MHz, Pjn* = 2.6 W, 
VSWR = 20:1 All Phase Angles) 


*Pin = 2 dB over the typical input power required for 10 W output power @ 12.5 Vde 


MOTOROLA RF DEVICE DATA 
2-813 


MRF653 


C1, C5 — 1-20 pF, Johanson 

C2, C6 — 330 pF, 100 Mil ATC 
C3, C4 — 36 pF, Mini-Unelco 

C7, C12 — 10 pF, 35 V, Tantalum 
C8, C11 — 0.1 uF, Ceramic 

C9, C10 — 91 pF, Mini-Unelco 


Vcc 


L1, L4 — 4-1/2 Turns, #18 AWG, 0.16” ID 
L2, L3 — 2 Turns, #18 AWG, 0.16” ID 

B — Ferrite Bead, Ferroxcube 56-590-65-3B 
Z1 — 51 x 630 mils 


‘Z2 — 162 x 1300 mils 


Z3 — 210 x 1350 mils 

Z4 — 210 x 280 mils 

Z5 — 51 x 300 mils 

Board Material — 0.032” epoxy glass G10, 1 0z., copper clad, 
double sided, e, = 5 

JP1 — Jumper, #14 AWG w/Banana Plugs 


Figure 2. Broadband Test Circuit Schematic 


MOTOROLA RF DEVICE DATA 
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MRF653 
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NOTE: The Printed Circuit Board shown is 75% of the original. 


Figure 3. Photomaster 
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Figure 5. Output Power versus Frequency 


Figure 4. Output Power versus Input Power 
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Figure 7. Typical Broadband Circuit Performance 


Figure 6. Output Power versus Supply Voltage 


MOTOROLA RF DEVICE DATA 
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MRF653 


Pout ="10W, Vec = 12.5 Vde 

! Zin | Zo" 
10 + 22 | 43 — j28 

10 + j24| 44 —j21 


1.0 + j26 ) 414 - jl 


tt 1.0 + j2.7 | 39 — [1.65 


i COMPONEN (-G- ji 
ee *Zo,. = Conjugate of optimum load imped- ° Be: 
ae ance into which the device operates #33 
__ atagiven output power, voltage and 
frequency. A 


$ 


TION COEFFICIENT ; # 
"OG 
iREES> 


5004 - 
yd 


Figure 8. Series Equivaient input and Output impedance 


MOTOROLA RF DEVICE DATA 
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MOTOROLA 
= SEMICONDUCTOR yyy 
TECHNICAL DATA i | 


-MRF654° 


The RF Line | “= 
: : : 15W 470. MHz 
RF POWER 
TRANSISTOR . 


NPN SILICON RF POWER TRANSISTOR NPN SILICON 


... designed for 12.5 Volt UHF large-signal amplifier applications 
in industrial and commercial FM equipment operating to 512 MHz. 
® Specified 12.5 Volt, 512 MHz Characteristics 


Output Power = 15 W 
Minimum Gain = 7.8 dB 


Efficiency = 55% 


® Built-In Matching Network for Broadband Operation 

-® Gold Metallized, Emitter Ballasted for Long Life and 
Reliability | 

® Capable of 20:1 VSWR Load Mismatch at 15.5 V Supply 
Voltage 


= 
t Ee. ae 
a aoa — atT 
MAXIMUM RATINGS ceeeen Miieaeetees canes Ss, 
F 4 : = | ‘searing pLane | ¢ 
| 
8-32 NC 2A it | 
WRENCH FLAT 1 Att 
te 
STYLE 1: 
PIN 1. EMITTER 
: ae : 2. BASE 
Total Device Dissipation @ Ta = 25°C 3 EMITTER 


Derate above 25°C 


THERMAL CHARACTERISTICS 


Thermal Resistance, Junction to Case RgJc | 40 | 


4. COLLECTOR 


[| MILLIMETERS INCHES 


3.68 | 0.115 


CASE 244-04 


MOTOROLA RF DEVICE DATA 
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ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 


Characteristic 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(Ic. = 25 mAdc, Ip = 0) 


Collector-Emitter Breakdown Voltage 
(Ic = 25 mAdc, Vee = 0) 


Emitter-Base Breakdown Voltage 
(IE = 5.0 mAdc, Ic = 0) 


Collector-Cutoff Current 
(VcE = 15 Vdc, VBE = 0) 


ON CHARACTERISTICS | 


DC Current Gain 
(I¢ = 1.0 Adc, Vce = 5.0 Vdc) 


DYNAMIC CHARACTERISTICS 


Output Capacitance 

(VcgB = 15 Vdc, IE = 0, f = 1.0 MHz) 
FUNCTIONAL TESTS 
Common-Emitter Amplifier Power Gain . 
(Vcc = 12.5 Vdc, Pout = 15 W, f = 512 MHz) 
Collector Efficiency 
(Vcc =. 12.5 Vde, Pout = 15 W, f = 512 MHz) 


Load Mismatch Stress 
(Vcc = 15.5 Vde, f = 470 MHz, 
2.0 dB Overdrive, VSWR = 20:1 All Phase Angles) 


FIGURE 1 — 440-512 MHz BROADBAND TEST CIRCUIT 


C1, C5 — 68 pF Mini-Unelco L2, L3 — 2 Turns, #18 AWG Enamel Covered, 0.16” ID 
C2, C3 — 33 pF, Mini-Unelco B — Ferrite Bead, Ferroxcube 56-590-65-3B _ 

C4 — 47 pF, Mini-Unelco Z1-Z26 — See PCB Artwork 

C6, C11 — 10 uF, 25 V Tantalum PCB — 1/32” G-10, E- = 4.5 @ UHF 

C7, C10 — 0.1 pF, Ceramic Socket — See Socket Drawings 

C8, C9 — 91 pF, Mini-Unelco JP1 — Jumper, #14 AWG w/Banana Plugs 


L1, L4 — 4% Turns, #18 AWG, Enamel Covered, 0.16” ID 
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_ FIGURE 3 — OUTPUT POWER versus FREQUENCY 


FIGURE 2 — OUTPUT POWER versus INPUT POWER 
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FIGURE 5 — TYPICAL BROADBAND CIRCUIT PERFORMANCE 


FIGURE 4 — OUTPUT POWER versus SUPPLY VOLTAGE 
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_ FIGURE 6 — SERIES EQUIVALENT INPUT AND OUTPUT IMPEDANCE 
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MOTOROLA RF DEVICE DATA 
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MRF654 


FIGURE 7 — 440-512 MHz BROADBAND TEST CIRCUIT 


FIGURE 8 — PCB BOARD LAYOUT 


- De | 
440-512 Miz 


NOTE: The Printed Circuit Board shown is 75% of the original. 


MOTOROLA RF DEVICE DATA 


2-820 


MOTOROLA  —«| | 
= SEMICONDUCPOR 
TECHNICAL DATA fe oe a | 


 MRF660 


| The RF Line 2 


7.0W 470 MHz 


RF POWER 
TRANSISTOR 


NPN SILICON 


NPN SILICON RF POWER TRANSISTOR 


... designed for 12.5 volt UHF large signal power amplifier appli- 
cations in commercial and industrial FM equipment. . 


@ Low Cost Common Emitter TO-220AB Package 


_ @ Specified 12.5 V, 470 MHz Performance 
Output Power = 7.0 W 
Power Gain = 5.4 dB Min 
Efficiency — 60% Min 


@ Load Mismatch Capability at High Line and RF Input Overdrive 


MAXIMUM RATINGS 


ee i 


Total Device Dissipation @ Tc = 25°C (1) 25 Watts 
Derate above 25°C 143 mw/°C 


Storage Temperature Range -65 to +150 


STYLE 2: 
PIN 1. BASE 
2. EMITTER 
3. COLLECTOR 
4. EMITTER 
NOTES: 
1. DIMENSIONING AND TOLERANCING PER ANSI 
Y14.5M, 1982, 
2, CONTROLLING DIMENSION: INCH. 
3. DIM Z DEFINES A ZONE WHERE ALL BODY AND 
LEAD IRREGULARITIES ARE ALLOWED. 


THERMAL CHARACTERISTICS ~T_MILLIMETERS | INCHES 


Thermal Resistance, Junction to Case Resc 


(1) This device is designed for RF operation. The total device dissipation rating applies 
only when the device is operated as an RF amplifier. 


4 


rer 


S [4 0 19 [2 |r | 


0.190 
0.100 


2.79 | 0.080 
1.39 | 0.045 


5.97 : 0.235 


CASE 221A-04 
TO-220AB 


MOTOROLA RF DEVICE DATA 


2-821 


‘MRF660 


ELECTRICAL CHARACTERISTICS (Te = - 25°C unless otherwise noted). 


Characteristic — 


OFF CHARACTERISTICS aa. 
SS = er 
(Ic = 20 mAdc, Ip = 0) 
SMigrmaseveeso mm TT 
is 20 mAdc, VgeE = 0) 
ieee aaa Fen? Meee MA ERIE Me 
ties 5.0 mAdc, Ic = 0) 
(Voce = 15 Vde, Vee = 0, Te = 25°C) 
ON CHARACTERISTICS 


DC Current Gain | sore 20 160 
(Ic = 250 mAdc, Veg = 5.0 Vdc) . 


DYNAMIC CHARACTERISTICS 
Output Capacitance 
(Veg = 12.5 Vdc, te = 0, f = 1.0 MHz) | 
FUNCTIONAL TESTS 


Common-Emitter Amplifier Power Gain 
(Voc = 12.5 Vdc, Poyt = 7.0 W, f = 470 MHz) 


Collector Efficiency 
(Vec = 12.5 Vdc, Poyt = 7.0 W, f = 470 Mhz) 


FIGURE 1 — TEST CIRCUIT 


RFC3 


+ 
Vec = 12.5 Vde 


C1,C9 — 1-10 pF Johanson 


RF Output 
9 
C2, C8 — 15 pF Underwood Elect. Co. Type J101 


C3 — 270 pF, ATC Chip Capacitor Case B NOTE: 
C4, C6 ~ 24 pF ELMENCO MCNO1/010 


C5 — 0.1 uF Ceramic, Erie i I L2 eae & 
C7 — 1.0 uF, 35 V, Tantalum 0.550” (~~ 0.300” 
L1— 27 nH Copper Strap 0.150" X 0.025" X 1,5” (See Note) ate on 
L2 — 16 nH Copper Strap 0.150” X 0.025'’ X 1.0" (See Note) 

RFC1 — 0.68 WH Moided Choke, Cambion ne 0.825”’ peal 0.725” 
RFC2 — 4 Turns #20 AWG, 0.312” ID X 0.25” Long 

RFC3 — Ferrite Choke, Ferroxcube #VK200-20/4B 

Bead — Ferrite Bead, Ferroxcube #56-590-65-3B 


Printed Circuit Board Material —- 3M #K6098-22062, Teflon Fibergiass 
or equivalent 


C2 
RF Input 
Cc 
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FIGURE 2 — OUTPUT POWER versus INPUT POWER 


so a ne ee 


B 12.5 Vdeo> @ —_ ‘ie 
= 10 Stee nnn 7.5 Vde —— Le a aca ee i 
= a xi = ee We 
Se ES 
Ss aie 

2 2 RRS eee an 
- | ee ee 
a : ae = eee OWe aslo 
: aa eer 
2.0 Pai f= 470 MHz een ees ee, ee ee 
Pee 
ea ey as ee = 

0.5 1.0 1.5 2.0 2.5 3.0 . ; 


P;., INPUT POWER (WATTS) . vane : . ~-f, FREQUENCY (MHz) 


FIGURE 4 — OUTPUT POWER versus SUPPLY VOLTAGE 


f=470MH2 
Pin = 2.0 Watts 


Pout QUTPUT POWER (WATTS) 


Vec, SUPPLY VOLTAGE (VOLTS) 


FIGURE 5 — SERIES EQUIVALENT INPUT/OUTPUT IMPEDANCES 


Pin = 2.0 W, Voc = 12.5 V 


2 % 
HH -*ZQL = Conjugate of the optimum 
| - load impedance into which the device 
: ; output operates at a given output 
pe) power, voltage, and frequency. 
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FIGURE 6 — UHF TEST AMPLIFIER 


FIGURE 7 — PRINTED CIRCUIT BOARD 


MRF660° 


NOTE: The Printed Circuit Board shown is 75% of the original. 
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MOTOROLA ~ 
mg SEMICONDUCTOR sas 
TECHNICAL DATA 


MRF750 


The RF Line. . oe a 
z uae 0.5 W— 470 MHZ — 7.5.V 


NPN SILICON HIGH FREQUENCY TRANSISTOR HIGH FREQUENCY _. 
i ce : . TRANSISTOR 

. ... designed for 5.0 to 10 Volt UHF large-signal amplifier applications 

in industrial and commercial FM equipment operating in the 407 to » 

512 MHz range. Ideally suited for handheld radios and other equip-: 

ment where high packaging density is required. . . 


| NPN SILICON ~ 


® Specified 7.5 Volt, 470 MHz Characteristics — 
Output Power =.0.5 Watts 
Minimum Gain = 10 dB | 
Minimum Efficiency = 55% “abe 
® Capable of Withstanding Load Mismatch at Highline 
and RF Overdrive a | 
@ Silicon Nitride Passivation | 


MAXIMUM RATINGS | 


Emitter-Base Voltage _| VEBO 


Collector-Current-Continuous 
Total Device Dissipation @ Tc = 25°C (1) Pas 25 
Derate Above 259C 35 
| Storage Temperature Range | Tgtg ‘+65 to +150°C 
THERMAL CHARACTERISTICS | : | 


[Characteristic | Symbot | Max | Unit 
Thermal Resistance, Junction to Case (2) _ Rese ee 


(1) This device is designed for RF operation. The total device dissipation rating applies 
only when the device is operated as an RF amplifier. 
(2) Thermal Resistance is determined under specified RF operating conditions by infrared 
measurement techniques. 


"STYLE 1: 
PIN 1. EMITTER 
2. BASE 
3, EMITTER 
4, COLLECTOR 
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CASE 305A-01 
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ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(Ic = 10 mAdc, VBE = 0) 
Emitter-Base Breakdown Voltage 
(Ie = 1.0 mAdc, Ic = 0) 
Collector Cutoff Current 
(Vcpg = 9.0 Vde, Ie = 0) 


ON CHARACTERISTICS 
DC Current Gain 


(ic = 50 mAde, Vcg = 5.0 Vde) 


Collector-Emitter Breakdown Voltage 
-(I¢ = 10 mAdc, Ip = 0) 


V(BR)CEO 13 


cares 


Wanieso | 


DYNAMIC CHARACTERISTICS 


Output Capacitance 


AVopg = 7.5 Vde, le = 0, f= 1.0 MHz} 
FUNCTIONAL TESTS 


Common-Emitter Amplifier Power Gain 
(Vec = 7.5 Vdc, Pout = 0.5 W, f = 470 MHz) 
Collector Efficiency 


0.5 W, f = 470 MHz) 


FIGURE 1 — 470 MHz TEST CIRCUIT 


+Vdc 
RFC 1 = C6 C7 + 
cs 
C5 
24 Z5 
RF Input cs 
C2 Z3 C4 


C1, C2, C3, C4, — Johanson Trimmer, ia 
C5 — J101, 100 pF Unelco 

C6, C7 — 680 pF Allen Bradley Feedthru 

C8 — 1:0 BF Tantalum , 
'RFC1 — Ferroxcube Bead, 56-590-65- 3B 

RFC2 — Choke, VK 200/48 


Z1, Z2 — Microstrip W = 0.26”, L = 2,9” 
Z3 — Microstrip W = 0.5”, L = 1.2” 
24 — Microstrip W = 0,055”, L = 3,9” 
Z5 — Microstrip W = 0.055”, L = 2.9" — 

Board Material — Glass Teflon, t = 0.062 

ep = 2.5 
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OUTPUT POWER versus INPUT POWER 
450 MHz 


FIGURE 3 


FIGURE 2 — POWER GAIN versus FREQUENCY 


MRF750 
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Conjugate of the optimum load 


impedance into which the device operates 
at a given output power, voltage, and 


frequency. 
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FIGURE 5.— OUTPUT POWER versus INPUT POWER 
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FIGURE 6 — SERIES EQUIVALENT INPUT/OUTPUT IMPEDANCES 
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FIGURE 7 — 470 MHz TEST CIRCUIT rage 


MOTOROLA RF DEVICE DATA 
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MOTOROLA ; | 
fs) es eee aa 


The RF Line : | 
2.5 W — 470 MHZ — 7.5 V 
: HIGH FREQUENCY > 


NPN SILICON HIGH FREQUENCY TRANSISTOR TRANSISTOR: | 


NPN SILICON _ 


.. . designed for 5.0 to 10 Volt UHF large-signal amplifier applications 
in industrial and commercial FM equipment operating in the 407 to _ 
512 MHz range. Ideally suited for handheld radios and other equip- 
‘ment where high packaging density is required. 


@® Specified 7.5 Volt, 470 MHz Characteristics — _ 
Output Power = 2.5 Watts 
Minimum Gain = 8.0 dB 
Minimum Efficiency = 55% . 
@ Capable of Withstanding Load Mismatch at High Line 
and RF Overdrive 


MAXIMUM RATINGS : | 
[SCSC*SRating” ——~S*~*~*~“‘~*~*~*drCS mba ‘Vale 
[EmitierBaxe Votage———SSCS~*~*~dC ew | 
Paes TT oss 
Derate Above 25°C mWw/°C 


THERMAL CHARACTERISTICS 


Thermal Resistance, Junction to Case (2) Rec 


(1) This device is designed for RF operation. The total device dissipation rating applied — 
only when the device is operated as an RF amplifier. 

(2) Thermal Resistance is determined under specified RF operating conditions by infrared 

measurement techniques. 
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STYLE 1: 
PIN 1. EMITTER 

2. BASE 

3. EMITTER 

4. COLLECTOR 


CASE 249-05 


MOTOROLA RF DEVICE DATA 
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ELECTRICAL SHAR AGTEslite (Tc = 25°C unless otherwise noted) 


Symbel ss ARS GT TRA 


OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage V(BR)CEO | 
(Ic = 25 mAdc, Ig = 0) | Po ta 

Collector-Emitter Breakdown Voltage _ : V(BR)CES 
(Ic = 25 mAdc, Vpe = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO 
(Ie = 3.0 mAdc, !¢ =.0) 


Collector Cutoff Current 
(Vcp = 9.0 Vdc, Ile = 0) - 
ON CHARACTERISTICS . 
DC Current Gain 

(I¢ = 100 mAdc,; VcgE = 5.0 Vde) 
DYNAMIC CHARACTERISTICS 


Output Capacitance 
(Veg = 7.5 Vde, lp =0,f= 1 0 MHz) 


FUNCTIONAL TESTS 


Common-Emitter Amplifier Power Gain 

(Vcc = 7.5 Vdc, Pout = 2.5 W, f = 470 MHz) 
Collector Efficiency 

(Vcc = 7.5 Vdc, Pout = 2.5 W, f = 470 MHz) 


FIGURE 1 — 470 MHz TEST CIRCUIT 


RFC2 


C1, C2, C3, C4 — Johanson Trimmer JMC#5501 
C5 — J101, 100 pF Unetco . 
C6 — J101,; 15 pF Unelco 

C7, C9 — 680 pF Allen Bradley Feedthru 

C8 — 1.0 UF Tantalum 


21, 22 — Microstrip W = 0.26”, L = 2,9" oF 
Z3 — Microstrip W = 0.5", L= 1,2” 

Z4 — Microstrip W = 0.055”, L = 3.9” 

25 — Microstrip W = 0.055", L= 2.9" 


RFC1 — Ferroxcube Bead, 56-590-65-3B 
RFC2 — Choke, VK 200/48 


Board Material — Glass Teflon 
t= 0.062 
= 2.5 
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OUTPUT POWER versus INPUT POWER: 


FIGURE 3 


POWER GAIN versus FREQUENCY 


FIGURE 2 
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FIGURE 5 — OUTPUT POWER versus: INPUT POWER 


OUTPUT POWER versus INPUT: POWER 
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FIGURE 6 — SERIES EQUIVALENT INPUT/OUTPUT IMPEDANCES 
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Conjugate of the optimum load 


Pout 


impedance into which the device operates 


at a given output power, voltage, and 


frequency. 


*ZOL 


441.0 
stalppaee 
Cope cr 
hy 


Saea0n PT 
Some HHS 
SReSeneeseee RESISTANCE COMPONENT(>—], OR COND 
Sessa activate Uebeneaeentiiat 
SaBSeEReteasetccsane eu neee asses 
Seuusctctassetsts::(OO ges Scueeeeyns 

pacseleassts:astt Ee Reena esenn 

DCE A A ea 

see eeseeaset ass eee geeees 
as CE AY 

Se A A AS 

ae eee es 

BEE TIA 5 SKS 
OAs OA RRS 
A AgeOetieetnsnene ein 
ras ¢é ae.oc. oo SoS 
% SSSA SAE SOON 

to 2 


= PEE 


MOTOROLA RF DEVICE DATA 


2-831 


no FIGURE 7 — 470 MHz TEST CIRCUIT 


MOTOROLA RF DEVICE DATA 


: 2-832 


MOTOROLA 
= SEMICONDUCTO;RN yyy 


TECHNICAL DATA | ca 
- MRF754_ 


i, * Phe RF Line ta 
: : , 8.0 W — 470 MHz — 7.5 V 


HIGH FREQUENCY 
TRANSISTOR 


NPN SILICON HIGH FREQUENCY TRANSISTOR 


° | _ | | - NPN SILICON - 
... designed for 5.0 to 10 Volt UHF large-signal amplifier applica- ; an. . 

tions in industrial and commercial FM equipment operating in the. 
407 to 512 MHz range. Ideally suited for handheld radios and other 
equipment where high packaging density is required. 


® Specified 7.5 Volt, 470 MHz Characteristics — 
Output Power = 8.0 Watts 
Minimum Gain = 6.0 dB 
Minimum Efficiency = 55% 
@ Capable of Withstanding Load Mismatch at Highline and RF 
Overdrive 


MAXIMUM RATINGS 


eT ee 
Collector-Emitier Voltage 
|Emitter-Base Voltage VEBO 


Total Device Dissipation @ Tc = 25°C (1) Pee ee Watts 
Derate Above 25°C 214 mW/°C 


SC 
THERMAL CHARACTERISTICS 
[—____Characteristio | Symbol[ Max [| Unit_| 


(1) This device is designed for RF operation. The total device dissipation rating applies 
only when the device is operated as an RF amplifier. 

(2) Thermal Resistance is determined under specified RF operating conditions by infrared 

measurement techniques. 


ie PLANE 


STYLE 2: 

PIN 1. EMITTER 

2, BASE 

3, EMITTER 

4, COLLECTOR 
SEATING PLANE = 
GROUND AND IS 
CONNECTED TO 
PIN 1 AND PIN 3. 


CASE 249-05 


MOTOROLA RF DEVICE DATA 


2-833 


MRF754 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 


(scanners ey ee 


OFF CHARACTERISTICS 
Collector-Emitter Breakdown Voltage V(BR)CEO 13 
(Ic = 50 mAdc, Ip = 0) 
Collector-Emitter Breakdown Voltage V(BR)CES 25 Vde 
(I¢ = 50 mAdc, Vpe = O) . 
Emitter-Base Breakdown Voltage V(BR)EBO . 4.0 Vde 
(Ie = 3.0 mAdc, Ic = O) | 
Collector Cutoff Current ICBO 1.0 mAdc 
(VcB = 9.0 Vdc, IE = O) 
ON CHARACTERISTICS . 
DC Current Gain hee 20 85 — 
(I¢ = 200 mAdc, Vcg = 5.0 Vdc) . 


DYNAMIC CHARACTERISTICS 


Output Capacitance 


(Vcp = 7.5 Vdc, Ie = O, f = 1.0 MHz) 
FUNCTIONAL TESTS 


Common-Emitter Amplifier Power Gain 
(Vcc = 7.5 Vdc, Poyt = 8.0 W, f = 470 MHz) 
Collector Efficiency _ 
(Vcc = 7.5 Vdc, Poyt = 8.0 W, f = 470 MHz) 


FIGURE 1 — 470 MHz TEST CIRCUIT 


RFC2 


RF Output 
RF Input 


C1, C2, C3, C4 — Johanson Trimmer JMC#5501 
C5 — J101, 100 pF Unelco 

C6 — J101, 15 pF Unelco 

C7, C9 — 680 pF Alien Bradley Feedthru 

C8 — 1.0 LF Tantalum 


Z1, 22 — Microstrip W = 0.26", L = 2.9” 
Z3 — Microstrip W = 0.5", L= 1,2” 

Z4 — Microstrip W = 0,055"", L= 3.9" 
Z5 — Microstrip W = 0.055", L= 2.9" 


RFC1 — Ferroxcube Bead, 56-590-65-3B 
RFC2 — Choke, VK 200/4B 


Board Material — Glass Teflon 
t= 0,062 
é, = 2.5 


Loy SS! 


MOTOROLA RF DEVICE DATA 
2-834 


MRF754 


FIGURE 3 — OUTPUT POWER versus INPUT POWER 
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FIGURE 2 — POWER GAIN versus FREQUENCY 
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FIGURE 5 — OUTPUT POWER versus INPUT POWER 


FIGURE 4 — OUTPUT POWER versus INPUT POWER 
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FIGURE 6 — SERIES EQUIVALENT INPUT/OUTPUT IMPEDANCES 
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MOTOROLA RF DEVICE DATA ° 


2-835 


MRF754 , 


FIGURE 7 — 470 MHz TEST CIRCUIT 


MOTOROLA RF DEVICE DATA 
2-836 


MOTOROLA [ = “ Soe 
TECHNICAL DATA — ra ee |  MIRF837 


The RF Line ae iat 
i ie eee 750 mw. 870 MHz 


RF LOW POWER 


NPN SILICON RF LOW POWER TRANSISTOR 
TRANSISTOR 


_,.. designed primarily for wideband large signal predriver stages 
in 800 MHz and UHF frequency ranges. : 
© Specified @ 12.5 V, 870 MHz Characteristics 
Output Power = 750 mW 
Minimum Gain = 8.0dB _- 
Efficiency 60% (Typ) 
@ Low Cost Macro-X Plastic Package 


e State-of-the-Art. Technology 
Fine Line Geometry 
Gold Top Metal and Wires 
Silicon Nitride Passivated 

lon Implanted Arsenic Emitters 


NPN SILICON _ 


MAXIMUM RATINGS 


‘\— SEATING PLANE 


STYLE 2: 


PIN 1. COLLECTOR 
euarecisfiale ea ne Sere 
3. BASE 


Thermal Resistance, Junction to Case ReJc 40 | °C/W 4. EMITTER 
(1) Case temperature measured on collector lead immediately adjacent to body of package. 


NOTE: 
"DIMENSION D NOT APPLICABLE IN ZONE N. 


_ MILLIMETERS INCHES 
MIN | MAX | MIN | MAX | 


7.24 
| 11.43 | 0.415 | 0.450 
165 | — | 0.065 - 


CASE 317-01 


"MOTOROLA RF DEVICE DATA 
2-837 


MRF837 


ELECTRICAL SEARAGIERISTICN Te = 25°C unless otherwise noted.) 


Symbol 


OFF CHARACTERISTICS 
Collector-Emitter Breakdown Voltage V(BR)CEO 16 
(Ic = 5.0 mAdc, Ip = 0) 
Collector-Emitter Breakdown Voltage V(BRICES | Lace ope 
Scns Sd a 


(Ic = 5.0 mAdc, VBE = 0) 


Emitter-Base Breakdown Voltage 
(IE = 0.1 mAdgc, Ic = 0) 


Collector Cutoff Current. 
(VcE = 15 Vdc, Vee = 0, Tc = 25°C) 


ON CHARACTERISTICS 


DC Current Gain | 
(I¢ = 50 mAdc, VcE = 10 Vdc) 


DYNAMIC CHARACTERISTICS 


Output Capacitance . 
(VcB = 15 Vdc, lp = 0, f = 1.0 MHz) 


FUNCTIONAL TESTS 


Common-Emitter Amplifier Power Gain 
(Vcc = 12.5 Vde, Pout = = 0.75 W, f = 870 MHz) 


Collector Efficiency | 
(Vcc = 12.5: Vde, Pout’= = af 75 W, f = 870 une) 


- FIGURE 1 — 800-880 MHz BROADBAND CIRCUIT 


C1, C2, C5 — 0.8-8.0 pF Johanson Gigatrim 11, L2 — 4Turns, #21 AWG, 5/32” ID 


C3 — 5.0 pF Clamped Mica, Mini-Underwood | L3 _— 7.Turns, #21 AWG, 5/32” ID 

C6 — 91 pF Clamped Mica, Mini-Underwood _—_Z1 / — 0.80” x 0.163” Microstrip, Z9 = 502 
C4 — 470 pF Ceramic Chip Capacitor 22 — 1.375” x 0.163” Microstrip, Zg = 500 
C7 . — 68 pF Clamped Mica, Mini-Underwood 23, 24 — 0.375” x 0.163” Microstrip, Zg-= 50 
C8 — 1.0 uF 25 V Tantalum 25 — 1.35” x 0.163” Microstrip, Z95 = 50 


.B — Bead, Ferroxcube 56-590-65/3B | PCB — 1/16” Glass Teflon, er = 2.56 


MOTOROLA RF DEVICE DATA | 
2-838 


MRF8&37 


FIGURE 2 — 800-880 BROADBAND CIRCUIT 


_ FIGURE 3 — 800-880 MHz BROADBAND CIRCUIT PHOTOMASTER 


MRF837. 750 mW 
00-880 MHz 


MRF837 3/4 W 
800-880 MHz 


NOTE: The Printed Circuit Board shown is 75% of the original. 


MOTOROLA RF DEVICE DATA 
2-839 


MRF837 


800/900 MHz BAND DATA 


FIGURE 4 — BROADBAND PERFORMANCE 
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FIGURE 5 — Zjp AND Zo, versus COLLECTOR VOLTAGE, INPUT POWER AND OUTPUT POWER 


io Vcc = 12.5 V 


Pout 806 MHz = 1.05 W 
Pout 870 MHz = 950 mW 
Pout 960 MHz = 725 mW 


f 
Frequency 
MHz 


Pout 806 MHz = 870 mw 
Pout 960 MHz 


- 700 mW © 


Pin = 150 mW i heer Pin = 100 mw 


806 (6.14536 0° | 4.3 + j0.6 —-38.3- 516.4 23.2 - 531.6 
870 5.6 + j5.2 6.5 + j3.6 40.8 - j189 41.3 - j18.4 
960 614568 | 644545 — 43.8 - 14.7 — 41.4 — j19.0 


*ZOL = Conjugate of the optimum load impedance into which the device output operates at a given output power, voltage, and frequency. 


MOTOROLA RF DEVICE-DATA 


2-840 


MRF837 


800/900 MHz BAND DATA (continued) 


FIGURE 6 — OUTPUT POWER versus 


FIGURE 7 — OUTPUT POWER versus 


FREQUENCY 
Vcc = 7.5 Vde 


INPUT POWER 
f = 870 MHz 
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FIGURE 9 — OUTPUT POWER versus 


FREQUENCY 
Vcc = 12.5 Vde. 


FIGURE 8 — OUTPUT POWER versus 
COLLECTOR VOLTAGE | 
f = 870 MHz 
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Vcc, COLLECTOR VOLTAGE (Vdc) 


~ MOTOROLA RF DEVICE DATA 


2-841 


MIRF837 


UHF BAND DATA 
FIGURE 10 — Zin AND Zo, versus COLLECTOR VOLTAGE, INPUT POWER, AND OUTPUT POWER 


f 
Frequency 
MHz 


Sa fae Vec = 12.5 V 


Pin = 75 mW 


9.6 — j7.5 


gee | = 50 mW 


8.2 = j115- 


11.5 ~ 68 


11.3 — 47.5 | 9.7 — j11 F 35.8 + j8.6 | 52.2 — j16.7 
iz 12 ~ j9.2 i 42.4 + .j0.24 ip 


a ae 
i 


Voc =125V 


Pout 400 MHz = 1.25 W 
Pout 450 ne =1.1W 


Meee ev =75V 


Pout 400 MHz = 875 mW 
Pout 450 MHz = 790 mW 
Sie 512 MHz = 675 mW 


|e sins 51.8 — j7.2 


43.7 — j5.7 


*ZOL = Conjugate of the optimum load impedance into which the device output operates at a given output power, voltage and eee 


FIGURE 11 — OUTPUT POWER versus -_ 
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Vcc, COLLECTOR VOLTAGE (Vdc) 


FIGURE 12 — OUTPUT POWER versus 
FREQUENCY 
Vcc = 7.5 Vde 
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MOTOROLA RF DEVICE DATA 
2-842 


MOTOROLA 


m SEMICONDUCTOR sums | 
TECHNICAL DATA | | MIRFS38 


MRF838A 


The RF Line os ee | | 1 W870 MHz 


RF POWER | 
_TRANSISTORS 


= ee | 7 , _.NPN SILICON 
NPN SILICON RF POWER TRANSISTORS 


. designed for 12.5 volt UHF large-signal, common-emitter | 
amplifier applications in industrial and commercial FM equipment . 
operating in the range of 806-960 MHz. ce 
PIN 1. EMITTER 

2,.BASE 

3. EMITTER 

4. COLLECTOR 


© Specified 12.5 Volt, 870 MHz Characteristics: 
Output Power = 1.0 Watt 
Minimum Gain = 6.5 dB 
Efficiency = 60% Typ 


@ Series Equivalent Large-Signal Characterization 


MRF838A 
CASE 305-01 


MAXIMUM RATINGS 
Rating . Symbol 


Unit = 
Vde_ 
Vde 
Vdc 
Adc 


Collector-Emitter Voltage . VCEO 


Collector-Base Voltage VCBO 
Emitter-Base Voltage VEBO 


Oo Ww 
FP) oO 


Collector Current — Continuous 


Total Device Dissipation @ Tc = 25°C (1) 2.5 " Watts 
Derate Above 25°C 0.014 wre 


Storage Temperature Range Tstg -—65 to +150 


THERMAL CHARACTERISTICS 


Characteristic Symbol 
’ STYLE 1: 
PIN 1, EMITTER 
2. BASE 
i : : P ie . . ; ; 3, EMITTER 
(1) These devices are designed for RF operation. The total device dissipation rating applies : 4, COLLECTOR 


only when the devices are operated as RF amplifiers. 


Thermal Resistance, Junction to Case (2) ‘Rese °C/W 


(2) Thermal Resistance is determined under specified RF operating conditions by infrared 
measurement techniques. 


MRF838 
CASE 305A-01 


MOTOROLA RF DEVICE DATA 


2-843 


MRF838, MRF838A 


ELECTRICAL CHARACTERISTICS (Tg = 25°C unless otherwise noted) | 24 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 


V(BR)CEO 16 Vde 
Collector-Emitter Breakdown Voltage V(BR)CES 36 Vde 
Emitter-Base Breakdown Voltage V(BR)EBO Vde 
nak Sh eal et Got 


Collector Cutoff Current P 
(Voce = 15 Vdc, Veg = 0, Te = 25°C) 


ON CHARACTERISTICS 


DC Current Gain 
(i¢ = 100 mAdc, VcE = 5.0 Vde) 


DYNAMIC CHARACTERISTICS 


Output Capacitance 
(Vcp = 12.5 Vde, Ie = 0, f = 1.0 MHz) 


FUNCTIONAL TEST 


Common-Emitter Amplifier Power Gain 
(Pout = 1.0 W, Voc = 12.5 Vde, f = 870 MHz) 


Collector Efficiency 
(Pout = 1.0 W, Vcc = 12.5 Vde; f = 870 MHz) 


CH R 
O 


FC C8 
O + 
| ; Vec = +12.5 V 


+, 
im = C4 C6 
Two Beads = ae ae 


L2 


RF Output 


L3 


RF Input es | co 


C1 Ex Coe: 2263 C5 = eg 
Bead re 
Ci, C5, C9 — 0.8-8.0 pF Johanson Gigatrim #7291 RFC -- Ferroxcube VK200 20/4B 


C2, C3 — 10 pF ATC Chip Capacitor (Case A) 


d—F : : 
C4-— 1.0 nE 30 V Tantalum Capacitor noe erroxcube #56-590-65/3B 


C6 — 0.1 uF Erie Redcap 100 ve 21,22 — 1.2" X 0.155"' Microstrip 
' C7,C8 — 680 pF Feedthru _ 23 — 1.05” X 0.155" Microstrip 
C10 — 100 pF Chip Capacitor (100 mil) ~ 24 — 0.5" X 0.155" Microstrip 


L1,L2 — 1 Turn #18 AWG 1/8” Diameter Base 7 Re eMISTOst Ie 


L3 — #14 AWG 1/2 Turn 0.250” Diameter Board Materia! — 0.0625" Thick Glass-Teflon, €, = 2.5 


MOTOROLA RF DEVICE DATA 
2-844 


MRF838, MRF838A 


FIGURE 3 — OUTPUT POWER versus FREQUENCY 


FIGURE 2 — OUTPUT POWER versus INPUT POWER 
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FIGURE 4 — OUTPUT POWER versus SUPPLY VOLTAGE 
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FIGURE 6 — SERIES EQUIVALENT OUTPUT IMPEDANCE 


FIGURE 5 — SERIES EQUIVALENT INPUT IMPEDANCE | 


Pout = 1 Al W, Vcc = 12.5 Vde 


1.0 W, Veg = 12.5 Vde 
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impedance into ‘which the device 
output operates at a given powe 
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MOTOROLA RF DEVICE DATA 


2-845 


MRF838, MRF838A | | | | 


MRE 838. — 
1 WATT 870 MHZ TEST CIRCUIT 


NOTE: The Printed Circuit Board shown is 75% of the original. 


MOTOROLA RF DEVICE DATA 
2-846 


MOTOROLA | 7 


a SEMICONDUCTO 
TECHNICAL DATA 


bie of a 7 VIRF839 

The RF Line | | —o _ NIRFS39F 

NPN Silicon | a a 
RF Power Transistors = 

ae 3 W 806-960 MHz 


... designed for 12.5 Volt UHF large-signal, common-emitter amplifier applications in | RF POWER 
industrial and commercial FM equipment operating in the range of 806-960 MHz. Pee TRANSISTORS 


@ Specified 12.5 V 870 MHz Characteristics COMMON-EMITTER 
Output Power = 3 Watts | ‘NPN SILICON 
Minimum Gain = 8 dB 
Minimum Efficiency = 55% 

e 100% Tested for Load Mismatch at Rated Input Power and 15.5 V 

® Series Equivalent Large-Signal Characterization 


MAXIMUM RATINGS 


| 
a 
: 
0 
°C 
IW 


CASE 305-01, STYLE 1 
MRF839 


Operating Junction Temperature 


Total Device Dissipation @ Te = 110°C . 1 Watts 
Derate above 110°C 111 WC 


CASE 319-06, STYLE 2 


. ‘ MRF839F 
Characteristic = 
OFF CHARACTERISTICS = oa 


Collector-Emitter Breakdown Voltage (Ic = 5 mAdc, lg = 0) 


dc 

Collector-Emitter Breakdown Voltage (ic = 5 mAdc, VBE = 0) | vVprices | 36 | — | — | Vac | 
Emitter-Base Breakdown Voltage (IE = 0.1 mAdc, Ic = 0) — | verepo | 35 | — | — | vac | . 
Collector Cutoff Current (Vce = 18 Vdc, Vge=0,Tc= 25) | Ices | — | — | 31 | made | 
ON CHARACTERISTICS ee ; af ees. = 
DC Current Gain (Ic = 100 mAdc; VCE = 
DYNAMIC CHARACTERISTICS ~~ __ 

Output Capacitance (Vcg = 15 Vde, le = 
FUNCTIONAL TESTS (FIGURE :) 


Common-Emitter Amplifier Power Gain 
(Pout = 3 W, Vcc = 12.5 Vde, f = 870 MHz) 


Collector Efficiency (Pout = 3 W, Vcc = 12.5 Vde, f = 870 MHz) 


Load Mismatch Stress 
(Vcc = 15.5 Vde, Pin = 0.5 W, f = 870 MHz, No Degradation in Output Power 


VSWR = 20:1, all phase angles) 


MOTOROLA RF DEVICE DATA 


2-847 


VIRFS39, MHFS39F 


Ci 

oo 
C1, C11 — 43 pF ATC, Chip Cap, Case B = L1, L2 — 4 Turns, #18 AWG, 5/32 ID 
C2, C10 — 0.8-8 Johanson Gigatrim L3 — 7 Turns, #18 AWG, 5/32 ID 
C3, C4 — 10 pF Clamped Mica, Mini-Underwood Z1 — 0.850” x 0.077" Microstrip, Z9 = 500 
C5, C6, C7 — 68 pF Clamped Mica, Mini-Underwood Z2 — 1.100" x 0.077” Microstrip, 297 = 509 
C8 — 10 uF, 25 V Tantalum 23 — 0.920” x 0.077" Microstrip, Z9 = 500 
C9 — 5 pF Clamped Mica, Mini-Underwood Z4 — 1.150” x 0.077” Microstrip, 29 = 500 
B — Bead, Ferroxcube #56-590-65/3B Board Material — 0.032” Glass Teflon, 2 oz. Copper Clad, er = 2.55 


Figure 1. MRF839 800-880 MHz Broadband Test Circuit 


Figure 2. MRF839 Broadband Test Circuit 


efor fe 


EE | 


3" — . 


| NOTE: The Printed Circuit Board shown is 75% of the original. | 
5” ; . 


Figure 3. MRF839 Photomaster 


MOTOROLA RF DEVICE DATA 


2-848 


MRF839, MRF839F 


Pout, OUTPUT POWER (WATTS) - 


Pout, OUTPUT POWER (WATTS) 


MRF839 


Pout, OUTPUT POWER (WATTS) 


| Pin, INPUT POWER (WATTS) 


Figure 4. Output Power versus Input Power | 
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Figure 5. Output Power versus Frequency 


Pin = 0.3 W 7 
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Figure 7. Broadband Performance 


Pout = 3 Watts, Vee = 12.5 Vdc 


Zin Zo." 
Ohms Ohms 
3.1 + j4.0 9.6 — j6.5 
2.8 + j4.6 8.5 — j5.6 
1.9 + j54 8.1 — j4.8 


*ZOL = Conjugate of the optimum load impedance into 
which the device operates at a given output power, volt- 
age, and frequency. 


Figure 8. Series Equivalent Input/Output Impedances_. 


MOTOROLA RF DEVICE DATA 


2-849 


MRF839, MRF839F | 
MRF839F 
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Figure 13. Series Equivalent Input/Output impedances 


MOTOROLA RF DEVICE DATA. 


2-850 


MRF839, MRF839F 


“+125V 


RF. 
OUTPUT. 


C1 — 47 pF Chip Cap (Murata Erie MA20470B) L1, L2 — 4 Turns, #18 Enameled, 5/32” ID 

C3, C4 — 13 pF Mini-Underwood . L3, L4 — 12 Turns, #22 Enameled over 10 Ohm, 1/2 W Carbon Resistor 
C5 — 51 pF Chip Cap (ATC 100B510JC500) Z1, Z4 — 50 Ohm Stripline 

C2, C6 — 0.8-8 pF Johanson #7291 22 — 32 Ohm Stripline:(1/4 A @ 838 MHz) 

C7, C12 — 10 pF, 35 V Electrolytic Capacitor Z3 — 16 Ohm Stripline (1/4 A°@ 838 MHz). 

C8, C11 — 1000 pF Unelco, J101 Board Material — 0.032” Glass Teflon, 2 Oz. Copper Clad, e, = 2.55 


C9, C10 — 91 pF Mini-Underwood _. 
B— : Bead, Ferroxcube #56-590-65/3B 


Figure 14. MRF839F 800-880 MHz Broadband Test Circuit 


Figure 15. MRF839F Broadband Test Circuit 


| NOTE: The Printed Circuit Board shown is 75% of the original. 
, 5" ; : - : 


Figure 16. MRF839F Photomaster 


MOTOROLA RF DEVICE DATA 
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MOTOROLA | 
a SEMICONDUCTOR ayy 
TECHNICAL DATA | | 


MRF840 


The RF Line | 10 W~ 870 MHz 


RF POWER 
TRANSISTOR: 


NPN SILICON RF POWER TRANSISTOR 


NPN SILICON 


... designed for 12.5 volt UHF large-signal, common-base am- 
plifier applications in industrial and commercial FM equipment 
operating in the range of 806-960 MHz. 
@ Specified 12.5 Volt, 870 MHz Characteristics 
Output Power = 10 Watts 
Minimum Gain = 6.0 dB 
Efficiency = 50% | 
Series Equivalent Large-Signal Characterization 
Internally Matched Input for Broadband Operation _ 
Tested for Load Mismatch Stress at All Phase Angles with 20:1 
VSWR @ 15.5 Volt Supply and 50% RF Overdrive. sy 
Gold Metallized, Emitter Ballasted for Long Life and Resistance 
to Metal Migration fa za, : : 


Silicon Nitride Passivated 


Q2m 


B 
[+]038 0015) © [t] a @[n @} 
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_4 
ja eee 
= a 


SEATING 


STYLE 1: 
PIN 1, BASE (COMMON) 
2, EMITTER (INPUT) 
3. BASE (COMMON) 
4, BASE (COMMON) 
5, COLLECTOR (OUTPUT) 
6, BASE (COMMON) 


NOTES: 
1, DIMENSIONING AND TOLERANCING PER ANS! 
Y14.5M, 1982. 
2, CONTROLLING DIMENSION: INCH. 


Total Device Dissipation @ Tce = 25°C (1) Watts | 
Derate Above 25°C | w/°C 


Storage Temperature Range ~65 to +150 [fs Be" 


THERMAL CHARACTERISTICS | Be | MILLIMETERS [INCHES 


Symbol [Mex une 
Thermal Resistance, Junction to Case (2) ReJc a ee ee |. 


(1) This device is designed for RF operation. The total device dissipation rating applies 
only when the device is operated as an RF amplifier. 

(2) Thermal Resistance is determined under specified RF operating conditions by infrared 
measurement techniques. _ 
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CASE 319-06 


MOTOROLA RF DEVICE DATA 


2-852 


MRF840 


ELECTRICAL CHARACTERISTICS (To= 25°C unless otherwise noted) 


Characteristic 


OFFCHARACTERISTICS = 2 — | | . | 

Collector-Emitter Breakdown Voltage : 7 | oo 
_(I¢ = 50 mAdc, Ip =.0) Ee taee oe 

Collector-Emitter Breakdown Voltage : eo - | a ee 
(I¢ = 50 mAdc, Ver = 0). nee 

Emitter-Base Breakdown Voltage oe aN an ate bem Sat a T= 
(Ig.=-5.0. mAdc, Ic = 0). wee ; oe — 


Collector Cutoff Current 
(Vcp = 15 Vde, Ip = 0) 
ON.CHARACTERISTICS 


DC Current Gain 
‘(I¢ = 1.0 Adc, Vcg = 5.0 Vide) 


DYNAMIC CHARACTER ISTICS 


Output Capacitance | 
(Vcp = 12.5 Vdc, Ie = 0, f = 1.0 MHz) 


FUNCTIONAL TEST 


Common-Base Amplifier Power Gain 
(Pout = 10W, Vcc = 12.5 Vdc, f = 870 MHz) 


Collector Efficiency 


(Poyt = 10 W, Vec= 12.5 Vdc, f = 870. MHz) 


Load Mismatch Stress 8 ee AS ; ; = 
(Vcc = 15.5 Vdc, Pin = 3.0 W,* f = 870 MHz, © SE Seve wa oe — No Degradation in Output Power 
VSWR = 20:1, all phase angles) | 


*Pin = 150% of the ty RIS) input power requirement for 10 Ww output power @ 12.5 Vdc. 


FIGURE 1 — 870 MHz TEST CIRCUIT. 
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ae el ok = 7 a is ila 
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| | 
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| | C12 
Input \ j | 7 | ie Output 
a I | | ee : Le a 
| | | eal tan OE os es 
[ | | | 
[fee Bien el 
C1, C12 — 50 pF, 100 Mil Chip Capacitor ~ . ».  LI,L6—11 Turns 20 AWG. Around 10 2.1/2 W Resistor 
C2, C11 — 15 pF, 20 V Tantalum _ L2,L5 — Ferrite Bead 
C3, C10 — 1000 pF, 350 V UNELCO > L383, L4— 4 Turn 20 AWG 0.2". D. 
C4, C9 — 91 pF Mini-Underwood ~ 71,T4—2Z9=500 
C5 — 15 pF T2 —Zg= 300 [= A/4 @ 838 MHz 
C6 — 15 pF T3 — 29 = 13.5.0 f= X/4 @ 838 MHz 
C7 — 15 pF. 
C8 — 15 pF L7 — 18 AWG Wire Loop ~=_///\_0.25" 
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MOTOROLA RF DEVICE DATA 
2-853 


MRF840 


FIGURE 3 — OUTPUT POWER versus FREQUENCY 


FIGURE 2 — OUTPUT POWER versus INPUT POWER | 


a 
r 
: \ - 
= 
N oe 
\ i 
= 
P Oo 
oa. 
ore 
in > 
an. ee 
= 
a. 


: = cae 
2 —- 
N 
EL SH TL EA 


- f, FREQUENCY (MHz) 


t+ Oo YN H- oO eee e eee 
i > i - > a <n > no 


(SLIWM) H3MOd INdino 2% 


- P 
= oS . 


PEN ele) a lela? 
pee ORS EERE 


2.5 


EZ 
i 
ANE EEE 


~(SLIVM) H3MOd LNdino "8g 


fon) 
So 
a : | 


FIGURE 4 — OUTPUT POWER versus SUPPLY VOLTAGE 
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FIGURE 5 — SERIES EQUIVALENT INPUT/OUTPUT IMPEDANCE 


= 12.5 Vde 


10W, Veg 


Pout 


Conjugate of the optimum load 
impedance into which the device 
output operates at a given output 
power, voltage, and frequency 


*ZOL 


“MOTOROLA RF: DEVICE DATA 


- 2.854 


MRF840 


FIGURE 6 — 870 MHz TEST CIRCUIT 


MOTOROLA RF DEVICE DATA 


2-855 


MOTOROLA 


a SEMICON DUCTOR —— 
TECHNICAL DATA 


MRF841 


The RF Line MRF841F 


NPN Silicon 
RF Power Transistors 


| . 5W 870 MHz 

. designed primarily for wideband large- signal eutnuit and driver stages in the 806- 960. RFE POWER 
MHz frequency range. . TRANSISTORS 
® Specified 12.5 Volt, 870 MHz Characteristics G Pout = 5 W a NPN SILICON 

Common Base Gain = 10 dB (Typ) : | 

Efficiency = 65% (Typ) 
@ Internally Matched Input for Broadband Operation 
Gold Metallized and Emitter Ballasted for Improved Reliability 
100% Tested for Load Mismatch at Rated Input Power and 15.5 V 


MAXIMUM RATINGS 


Collector-Emitter Voltage — | 
[caledor doe Voge | Veg | seve 
Emitter-Base Voltage tof ie 


Collector Current — Continuous 
— Watts 
aac mWw/°C 


See PeMpelette pangs Tstg /—65 to +150| to +150 ic © 
ae 
THERMAL CHARACTERISTICS . 

Characteristic i MRF841F 


= CASE 319-06, STYLE 1 
Thermal Resistance, Junction to Case 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage (Ic = 25 mAdc, Ip = 0) V(BR)CEO a ee oe 


Collector-Emitter Breakdown Voltage (I¢ = 25 mAdc, VBE = V(BR)CES tate 
Emitter-Base Breakdown Voltage (IE = 5 mAdc, Ic = 0) V(BR)EBO . 


Collector Cutoff Current (VcE = 15 Vdc, VgE = 0) ICES 
ON CHARACTERISTICS | 


- MRF841 
CASE 244-04, STYLE 4 


Total Device Dissipation @ Tc = 25°C 
Derate Above 25°C 


DYNAMIC CHARACTERISTICS 


Output Capacitance (VcB = 15 Vdc, IE = 0, f = 1 Me a 


FUNCTIONAL TESTS (f = 870 MHz) 


Collector Efficiency (Vcc = 12.5 Vdc, Poyt = 5 W) eS 


Load Mismatch No Degradation in Output Power 
(Vcc =. 15.5 Vde, Pin = 710 mW, VSWR = = 20:1, all Phase Angles) 


MOTOROLA RF DEVICE DATA 


2-856 


MRF841, MRF841F 


Pout, OUTPUT POWER (WATTS) 


Pout, OUTPUT POWER (WATTS) 


C1, C12 — 0.8-8 pF Johanson 7290 Variable | L1,L2 — 4 Turns, #22 AWG Wire, 0.2-inch ID 


C2 — 5 pF Mini-Underwood Mica L3 — VK200 Ferroxcube 

C3 — 8.2 pF Mini-Underwood Mica . L4, L5 — Ferrite Bead, Ferroxcube #56-590-65-3B 
C4 — 91 pF Mini-Underwood Mica Z1 — 2.36” x 0.145” Microstrip 33 Ohm Line 

C5, C9 — 680 pF Feedthru — 22 — 0.5" x 0.175” Microstrip 28 Ohm Line 

C6 — 0.1 wF Ceramic . 23 — 1.40” x 0.175” Microstrip 28 Ohm Line 

C7, C8 — 10 pF Mini-Underwood Mica 24 — 0.40" x 0.175” Microstrip 28 Ohm Line 

C10 — 1 pF Electrolytic : Board = 0.032” Glass Teflon 2 oz. cu clad e, = 2.55 


C11 — 43 pF Mini-Underwood 


MRF841 ; 
Figure 1. 800-960 MHz Broadband Power Gain Test Circuit 
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Pin, INPUT POWER (WATTS) Pg oy 3 f, FREQUENCY (MHz) . : 


Figure 2. Output Power versus Input Power Figure 3. Output Power versus Frequency 
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Figure 4. Power Out versus Suppiy Voitage Figure 5. Typicai Performance in Broadband Circuit | 


MOTOROLA RF DEVICE DATA 
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Me COLLECTOR EFFICIENCY (24) 


MRF841, MRF841F 


Figure 6. MRF841 Broadband Power Gain Test Circuit 
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Figure 7. MRF841 Test Circuit Photomaster 
NOTE: The Printed Circuit Board shown is 75% of the original. 


MOTOROLA RF DEVICE DATA 


2-858. 


MRF&841, MRF841F 


Figure 8. MRF841F Broadband Power Gain Test Circuit 


3" 


Figure 9. MRF841F Test Circuit Photomaster. 
NOTE: The Printed Circuit Board shown is 75% of the original. 


MOTOROLA RF DEVICE DATA 
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MRF841, MRF841F 


r [ | ia [ [ 4] 
SHORTING Sy eae | C4 ~ | ~ =F 9 | | 
ae > | | { | + 12.5 Vde 
L . _] SOCKET en _| 
POR | . 
‘Je Je w| ay pags Jen Ter 
- : C1 > ies ce wl | C10 
00 Se aS, PO EY Od SX 09 
21 22 & | 23 24 
| C6 D.ULT. | C8 
_ C1,C10 = 47 pF, 100 Mil ATC | ii a | 1 L1,L6 = 11 Turns #20 AWG Over 10 0 1/2 W 
C2,C12 = 1 uF, 35 WV Tantalum | = _| ies L2,L5 = Ferrite Bead, Ferroxcube #56-590-65-3B 
C3, C11 = 1000 pF Underwood J101 oT eo Sie L3, L4 = 4T #18 AWG, 15” ID 
C4, C9 = 91 pF Mini Underwood - 21,24 = 50 O Printed Line 
C5 = 12 pF Mini-Underwood | - .Z2 = 30 2 Printed Line, A/4 @ 838 MHz 
C6 = 10 pF Mini-Underwood Z3 = 24 © Printed Line, A/4 @ 838 MHz 
C7 = 10 pF Mini-Underwood Board = 0.032” Glass Teflon 2 oz. cu clad ey = 2.55 


C8 = Johansen Giga Trim 
0.8-8 pF 7290 Variable 


NOTES: C7 and C8 mounted ~ 250 mils 
down Z3 from collector edge of board 
MRF841F 
Figure 10. 800-960 MHz Broadband Power Gain Test Circuit 
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Figure 11. Output Power versus Input Power Figure 12. Output Power versus Frequency 
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Figure 13. Output Power versus Supply Voltage Figure 14. Typical Performance in Broadband Circuit 


MOTOROLA RF DEVICE DATA 
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MRF841, MRF841F 


MRF841 


NORMALIZED TO 


este)” “| *ZOL = Conjugate of the optimum load impedance into 
which the device output operates at a given output power, 


= voltage, and frequency.” 
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Figure 15. Series Equivalent Input/Output Impedances _ Figure 16. Series Equivalent Input/Output impedances 
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‘MOTOROLA RF DEVICE DATA 


MOTOROLA 


SEMICONDUCTOR & 
TECHNICAL DATA 


MRF842 


20 W —870 MHz 


The RF Line | 


RF POWER 
TRANSISTOR 


NPN SILICON 
NPN SILICON RF POWER TRANSISTOR 


... designed for 12.5 volt UHF large-signal, common-base 
amplifier applications in industrial and commercial FM equipment 
operating in the range of 806-960 Mkz. 


® Specified 12.5 Volt, 870 MHz Characteristics 
Output Power = 20 Watts 
Minimum Gain = 6.0 dB | 
Efficiency = 50% . . 
Series Equivalent Large-Signal Characterization 
Internally Matched Input for Broadband Operation 
100% Tested for Load Mismatch Stress at All Phase Angles : i 
with 20:1 VSWR @ 15.5 Volt Supply and 50% RF Overdrive | | 
Gold Metallized, Emitter Ballasted for Long Life and | Seen _ 4 
Resistance to Metal Migration . : 
Silicon Nitride Passivated 


1 2 3 

a ve 

Dan [4]038 (0.015) ® [T] A @[n O] 
B 


[4[o38 0018 © [T[A @[N @] 
— ~~ at t 


STYLE 1: 
PIN 1. BASE (COMMON) 
2. EMITTER (INPUT) 
3. BASE (COMMON) 
4. BASE (COMMON) 
5. COLLECTOR {OUTPUT) 
6. BASE (COMMON) 


MAXIMUM RATINGS 


Rating 

NOTES: 

Coliector-Emitter Voltage 1. DIMENSIONING AND TOLERANCING PER ANS! 
Y14.5M, 1982. 


2. CONTROLLING DIMENSION: INCH. 


Total Device Dissipation @ Tc ‘= 25°C (1) | a 
t bove 25° MILLIMETERS INCHES 

Derate Above 25°C MIN | MAX 

0.965 | 0.985 

0.355 | 0.375 


(1) This device is designed for RF operation. The total device dissipation rating applies : 279 | 0,090 
only when the device is operated as an RF amplifier. BSC 0.725 BSC 
(2) Thermal Resistance is determined under specified RF operating conditions by infrared 572 6.12 | 0.225 | 0.241 


measurement techniques. 318 | 3.42 | 0.125 | 0.135 


CASE 319-06 


MOTOROLA RF DEVICE DATA 


2-862 


MRF842 


ELECTRICAL CHARACTERISTICS (Tc = 25°C dinless otherwise noted) 


r= 
Riceedl ini SSC 

ce 
fic ea eal Bole Bel 


“Characteristic 


OFF CHARACTERISTICS © 


Collector-Emitter Breakdown Voltage 
(Ic = 50 mAdc, Ip ‘= 0) 


Collector-Emitter Breakdown Voltage 
(Ie = 50 mAdc, VpeE = 0) 
Emitter-Base Breakdown Voltage 
(Ig = 10 mAdc, Ic =0) | 
Collector Cutoff Current 
(Veg = 15 Vde-IE =0) 


ON CHARACTERISTICS — 


DC Current Gain 
(Ic = 2.0 Adc, VCE = 5.0 Vdc) 


DYNAMIC CHARACTERISTICS 


Output Capacitance - 
(Vcp = 12.5 Vde, Ile = 0, f = 1.0 MHz) 


FUNCTIONAL TEST 


Common-Base Amplifier Power Gain 
(Pout = 20 W, Vcc = 12.5 Vdc, f = 870 MHz) 


Collector Efficiency 


(Pout = 20 W, Vec = 12.5 Vdc, f = 870 MHz) 


Load Mismatch Stress . forren : 
(Vcc = 15.5 Vde, Pip* =6.0W,f=870 MHz, | oe” he . “No Degradation in Output Power 
VSWR = 20:1, all phase angles) , . 


*Pin = 150% of the typical input power requirement for 20 W output power @ 12.5 Vde. 


FIGURE 1 — 870 MHz TEST CIRCUIT SCHEMATIC 


aie 


L\1 


VRE 
Port 
. TL1 C1 
a on 
- Lot LI 
C1, C11 — 51 pF,. 100 Mil Chip Capacitor L1, ‘L4 — 11 Turis #20 AWG Over 10 ohm 1/2 WwW Carbon. 
C2, C13 — 15 wF, 20 WV Tantalum . — L2, L3 — 4 Turns #20 AWG, 200 Mil ID 
C3, C12 — 1000 pF Unelco J101 _ ; B — Ferrite Bead, Ferroxcube 56-590- -65-3B 
C4, C10 — 91 pF Mini- Underwood : -  TL1, TL4 — Micro Strip, Z9 = 500 | 
C5 — 15 pF Mini-Underwood. _. + TL2— Micro Strip, Zg = 38 0, A/4 @ 838 MHz 
C6 — 12 pF Mini-Underwood TL3 — Micro Strip, Z9 = 240, A/4 @ 838 MHz 
C7, C8 — 21 pF Mini-Underwood 3 Board — 0:032” Glass Teflon 
C9 — 11 pF Mini-Underwood en ~~ 20z. Cu CLAD, er = 2.55. 


MOTOROLA RF DEVICE DATA 
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f, FREQUENCY (MHz). 

= 12.5 Vde 
impedance into which the device 
output operates at a given output 
power, voltage, and frequency 


Pout ='20 W, Vec 


*Zo. = Conjugate of the optimum load 


MRF842 


FIGURE 3 — OUTPUT POWER versus FREQUENCY 


OUTPUT POWER versus INPUT POWER 
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FIGURE 4 — OUTPUT POWER versus SUPPLY VOLTAGE 
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f= 870 MHz 
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FIGURE 5 — SERIES EQUIVALENT INPUT/OUTPUT IMPEDANCE 
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~ MOTOROLA RF DEVICE DATA 


2-864 


MRF842 


FIGURE 6 — 870 MHz TEST CIRCUIT 


MOTOROLA RF DEVICE DATA 
9-865 


MOTOROLA 
TECHNICAL DATA 


MRF843 
The RF Line MRE843F 
NPN Silicon a 
RF Power Transistors 

| | 15 W 806-960 MHz 


... designed for 12.5 Volt UHF large-signal, common-base applications in industrial and ‘RF POWER 


commercial FM equipment operating in the range of 806-960 Mkz. : : : _ TRANSISTORS 
® Specified 12.5 Volt, 870 MHz Characteristics © Bel” 7 _ COMMON BASE 


Output Power = 15 Watts | an NPN SILICON 


Minimum Gain = 7 dB 


Efficiency = 55% a 
@ Internally Matched Input for Broadband Operation 

CASE 244-04, STYLE 4 
MRF843 


® Gold Metallized and Emitter Ballasted for Long Life 
@ 100% Tested for Load Mismatch at 2 dB Overdrive and 15.5 V 


MAXIMUM RATINGS 


Collector-Base Voltage 


Emitter-Base Voltage 


: 2 Ge 
Total Device Dissipation @ Ta = 25°C Watts 
Derate above 25°C WwrC 
THERMAL CHARACTERISTICS 


Thermal Resistance, Junction to Case ReJCc Fa Tew ape ry 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 


Se 
OFF CHARACTERISTICS . | 
Twemcco [6 — | [vee 


Collector-Emitter Breakdown Voltage (Ic = 25 mAdc, Ip = 0) : 


Collector-Emitter Breakdown Voltage (Ic = 25 mAdc, VBE = 0) _ V(BR)CES | 36 «| — | = | Vvde | 
Emitter-Base Breakdown Voltage (Ip = 5 mAdc, Ic = 0) . V(BR)EBO ee ee ee ee 
Collector Cutoff Current (Vce = 15 Vde, Vge = 0, Tc = 25°C) ICES Po f= 8 made 


ON CHARACTERISTICS 


DYNAMIC CHARACTERISTICS 


FUNCTIONAL TESTS 


Common Base Amplifier Power Gain 
(Vcc = 12.5 Vdc, Poyt = 15 W, f = 870 MHz) 


Collector Efficiency (Vcc = 12.5 Vde, Pout = 15 W, f = 870 MHz) 


Load Mismatch Stress 
(Pin = 2 dB Overdrive, Vcc = 15.5 V, f = 870 MHz, VSWR = 20:1 
@ All Phase Angles) DUIDULEOWer 


No Degradation in 


MOTOROLA RF DEVICE DATA 


2-866 


MRF843, MRF843F 


12.5V 
ie flea | O— 
RF (Oo RF OUTPUT 
INPUT. Ne Ri = 50 OHMS 

C1 — 39 pF ATC 100 Mil Ceramic Chip | L2 — 4 Turns 0.20" ID #24 AWG. 
C2, C7 — 0.8-8 pF Johanson Gigatrim (7290) L3— 10 Turns on 10 Ohm % W Resistor. - 
C3, C4 — 8 pF Mini Underwood Mica Z1 — 0.100” x 0.525” Microstrip TX Line 
C5, C6 — 10 pF Mini Underwood Mica Z2 — 0.100” x 1.80 36: Ohm Microstrip TX Line 

_ C8 — 68 pF Mini Underwood Mica _ 23 — 0.200” x 1.90” 30 Ohm Microstrip TX Line 
C9 — 1000 pF Unelco - 24— 0.150” x 0.450” Microstrip TX Line 
C10 — 10 pF Electrolytic B — Bead, Ferroxcube #56-590-65/3B 
C11 — 33 pF Mini Underwood Mica Board Material — 0.032” Glass Teflon 2 oz. Copper Clad e, = 2.55 


Li — 4 Turns 0.10” ID #24 AWG 


pigure’! 1. MRF843 800-900 MHz Broadband Test Fixture 


Figure 2. MRF843 800-900 MHz Test Circuit 


: ‘ : Sos : F 5” gr th ren 8: x, 
| Figure 3. MRF843 Photomaster 


NOTE: The Printed Circuit Board shown is 75% of the original. 


oe 


MOTOROLA RF DEVICE DATA 


2-867 


MRF843, MRF843F 


MRF843 


Pout, OUTPUT POWER (WATTS) 


> 26 3 
Pi, INPUT POWER (WATTS) 


3.5 


Figure 4. Output Power versus Input Power 


Pout OUTPUT POWER (WATTS) 


f, FREQUENCY (MHz) 


Figure 6. Output Power versus Frequency 
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~ Pout, OUTPUT POWER (WATTS] 


Pout OUTPUT POWER (WATTS) 


| output power of 15 W and 65% efficiency. 


Vec, SUPPLY VOLTAGE (VOLTS) 


Figure 5. Output Power versus Supply Voltage 
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Figure 7. Typical Performance in Broadband 
Test Fixture 


58 +) 5.46 
| NOTE: Circuit tuning and input power adjusted to maintain 
*Z0L = Conjugate of the optimum load impedance into which 


the device output operates at a given output power, 
voltage, and frequency. 


Figure 8. Series Equivalent Input and Output Impedance . 


2-868 


MOTOROLA RF DEVICE DATA 


MRF843, MRF843F 


Pout, OUTPUT POWER (WATTS) 


Pout, OUTPUT POWER (WATTS) 


MRF843F 
es . 
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Figure 9. Output Power versus Input Power 


Figure 10. Output Power versus Supply Voltage 
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Figure 11. Output Power versus Frequency 
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Figure 12. Typical Performance in Broadband 
Test Fixture 
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the device output operates at a given output power, 
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Figure 13. Series Equivalent Input and Output Impedance 


MOTOROLA RF DEVICE DATA 


2-869 


INPUT VSWR 


They COLLECTOR 
EFFICIENCY (%) 


MRF843, MRF843F 


L1 L4 
vi pout pean 
PORT | ie | SOCKET SOCKET | fod | 
a. a ++{81(}-+— pom one dt. 3 () 82} + > +125 Vde 
PLUG ee | | ae 
7). €2|. al. cl 2 | | | ! | 139 C13]. cic. = * 
= = =. = |. va = | oad = ee 
; Eo 4 i Co} ot 
C4 |! &2 | C14 
C1 C6 DUT 
| cal | Cio) ier 
7 A ab ! Ly ae | ES. a C12 
Pees Sa al phos Se Set J 
C1 — 0.6-4.5 pF Johansen Gigatrim (7270) L1, L4— 11 Turns #20 AWG over 100 HM % W Resistor 
C2, C16 — 1 pF, 35 WV Tantalum L2, L3 — 4 Turns #18 AWG, 0.15” ID 
C3, C15 — 1000 pF Underwood Mica J101 B1, B2 — Ferrite Bead, Ferroxcube 56-590-65-3B 
C4, C14 — 47 pF 100 Mil ATC Z1, Z4 — 50 Ohm Microstrip 
C5, C13 — 91 pF Mini-Underwood Mica Z2 — 36 Ohm Microstrip 4/4 @ 838 MHz 
C6, C12 — 0.8-8 pF Johansen Gigatrim (7290) Z3 — 32 Ohm Microstrip A/4 @ 838 MHz 
C7, C8 — 8 pF Mini-Underwood Mica Board Material — 0.032” Glass Teflon, 2 oz. Copper Clad, e, = 2.55 


C9, C10 — 15 pF Mini-Underwood Mica 
C11 — 10 pF Mini-Underwood Mica 


Figure 14. MRF843F 800-900 MHz Broadband Test Circuit 


Figure 15. MRF843F Broadband Test Circuit 
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Figure 16. MRF843F Photomaster : 


NOTE: The Printed Circuit Board shown is 75% of the original. 


MOTOROLA RF DEVICE DATA 


2-870 


MOTOROLA 


m= SEMICONDUCTOR yyy 
TECHNICAL DATA 
MRF844 


The RF Line | 30 W-870 MHz 


RF POWER 
TRANSISTOR | 


NPN SILICON 


NPN SILICON RF POWER TRANSISTOR 


... designed for 12.5 volt UHF large-signal, common-base am- 
plifier applications in industrial and commercial FM equipment 
operating in the range of 806-960 MHz. 


Specified 12.5 Volt, 870 MHz Characteristics 

Output Power = 30 Watts 

Minimum Gain = 5.2 dB 

Efficiency = 50% 
@ Series Equivalent Large-Signal Characterization NER OnE! 

ee | 
[Ne] 

e Tested for Load Mismatch Stress at All Phase Angles with 20:1 ‘ Kf 
VSWR @ High Line and RF Overdrive = eOuEON) 


Gold Metallized, Emitter Ballasted for Long Life and Resistance [+[o38 0015) @ [tr] a @[Nn @| 
to Metal Migration = = t 


i 
E 
Silicon Nitride Passivated 4 


© Internally Matched Input for Broadband Operation 


c 


t 


SEATING 
LT-] PLANE 


STYLE 1: 
PIN 1. BASE (COMMON) 
2. EMITTER (INPUT) 
3, BASE (COMMON) 
4. BASE (COMMON) 
5. COLLECTOR (OUTPUT) 
6. BASE (COMMON) 


MAXIMUM RATINGS 


Rating 


NOTES: 
1, DIMENSIONING AND TOLERANCING PER ANSI 
Y14.5M, 1982. 
2, CONTROLLING DIMENSION: INCH. 


| MILLIMETERS | INCHES | 
| MIN [ MAX | MIN | MAX 
0.985 
0.375 
0.260 


(1) This device is designed for RF operation. The total device dissipation rating applies 
only when the device is operated as an RF amplifier. 

(2) Thermal Resistance is determined under specified RF operating conditions by infrared 
measurement techniques. 


CASE 319-06 


MOTOROLA RF DEVICE DATA 


2-871 


MRF844 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted} 


i OR a OLS 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(I¢ = 50 mAdc, Ig = 0) 

Collector-Emitter Breakdown Voltage 
(I¢ = 50 mAdc, VBE = 0) 


Emitter-Base Breakdown Voltage 
(IE = 10 mAdc, Ic = 0) 
Collector Cutoff Current 
(Vcg = 15 Vde, Ie = 0) 


ON CHARACTERISTICS 


DC Current Gain NFE 10 
(Ic = 2.0 Adc, Vcg = 5.0 Vdc) 


DYNAMIC CHARACTERISTICS 


Output Capacitance 
(Vop = 12.5 Vdc, Ie = 0, f = 1.0 MHz) 


FUNCTIONAL TEST 


Common-Base Amplifier Power Gain 
(Pout = 30 W, Vcc = 12.5 Vdc, f = 870 MHz) 
Collector Efficiency 
(Pout = 30 W, Vcc = 12.5 Vde, f = 870 MHz) 
Load Mismatch Stress _ 
(Vcc = 16.5 Vdc, Pin = 12 W*, f = 870 MHz, No Degradation in Output Power 
VSWR = 20:1, all phase angles) 


*Pin = 150% of the typical input power requirement for 30 W output power @ 12.5 Vdc. 


FIGURE 1 — 870 MHz TEST CIRCUIT 


Shorting 
Plug 
RF RF 
Input Output 


~ C1, C12 — 50 pF, 100 Mil Chip Capacitor L1, L6— 11 Turns 20 AWG Around 10 2 1/2 W Resistor 
C2,C11 — 15 wF, 20 V Tantalum L2, L5 — Ferrite Bead 
C3, C10 — 1000 pF, 350 V UNELCO L3, L4 — 4 Turn 20 AWG 0.2" 1.D. 
C4, C9 — 91 pF Mini-Underwood T1, T4—2Zg= 500 
C5 — 15 pF Mini-Underwood T2 — Zo = 38.0 [= \/4 @ 838 MHz 
C6 — 15 pF Mini-Underwood T3 —Zg = 260 f= \/4 @ 838 MHz 


C7 — 18 pF Mini-Underwood 
C8 — 24 pF Mini-Underwood 


MOTOROLA RF DEVICE DATA 
2-872 


MRF844 


Pout, OUTPUT POWER (WATTS) 


Pout, OUTPUT POWER (WATTS) 


FIGURE 2 — OUTPUT POWER versus INPUT POWER 


P;.,, INPUT POWER (WATTS) 


FIGURE 4 — OUTPUT POWER versus SUPPLY VOLTAGE | 
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f= 870 MHz 


LATA 
EESLGE 
EERE 


Voc, SUPPLY VOLTAGE (VOLTS) 


Pin = 7.5 W, Pout = 30 W, Veg = 12.5 Vde 


*Zo_L = Conjugate of the optimum load 
impedance into which the device 
output operates at a given output 
power, voltage, and frequency. 


MOTOROLA RF DEVICE DATA 


F 


2-873 


FIGURE 3 — OUTPUT POWER versus FREQUENCY 
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IGURE 5 — SERIES EQUIVALENT INPUT/OUTPUT IMPEDANCE 
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FIGURE 6 — 870 MHz TEST CIRCUIT 


MOTOROLA 


m= SEMICONDUCTOR | 
TECHNICAL DATA a MIRF846 


40 W-870 MHz 


RF POWER 
TRANSISTOR 


NPN SILICON 


The RF Line 


NPN SILICON RF POWER TRANSISTOR 


... designed for 12.5 volt UHF large-signal, common-base am- 
_plifier applications in industrial and commercial FM equipment 
operating in the range of 806-960 MHz. 
® Specified 12.5 Volt, 870 MHz Characteristics 
Output Power = 40 Watts 
Minimum Gain: = 4.3 dB 
Efficiency = 50% 
Series Equivalent Large-Signal Characterization 
Internally Matched Input for Broadband Operation 


Tested for Load Mismatch Stress at All Phase Angles with 10:1 
VSWR @ High Line and RF Overdrive 


Gold Metallized, Emitter Ballasted for Long Life and Resistance 
to Metal Migration ake | 


Silicon Nitride Passivated — 


Dzm {4/038 (0.015) ® [tT] a® 


j<——_—--4— B 


[¢]038 0.015) © [tT] a @[N® 


FT te same 


STYLE 1: 
PIN 1. BASE (COMMON) 
2. EMITTER {INPUT} 
3. BASE (COMMON} 
4, BASE (COMMON) 
5. COLLECTOR (OUTPUT) 
6. BASE (COMMON) 


NOTES: 
1. DIMENSIONING AND TOLERANCING PER ANSI 
Y14.5M, 1982. oF ees 


2, CONTROLLING DIMENSION: INCH. 


MAXIMUM RATINGS : 


Collector-Base Voltage 
Emitter-Base Voltage _VeEBO 


Collector Current — Continuous 


Total Device Dissipation @ Tc = 25°C (1) 
Derate Above 25°C 


Storage Temperature Range 


MILLIMETERS 


“0.725 BSC 
0.241 


(1) This device is designed for RF operation. The total device dissipation rating applies 
only when the device is operated as an RF amplifier. 

(2) Thermal Resistance is determined under specified RF operating conditions by infrared 
measurement techniques. 


CASE 319-06 


MOTOROLA RF DEVICE DATA 


2-874 


MRF846 


ELECTRICAL CHARACTERISTICS (Tc = . 96°C unless otherwise noted) 


OFF CHARACTERISTICS 
Collector- pees Breakdown Voltage V(BR)CEO 
= 
beos-> EP cl eS a SAE la 
(Ic = 50 mAdc, Vee = 0) 
Emitter-Base Breakdown Voltage V(BR)EBO 
(ig = 10 mAdc, Ic = 0) Ro ee ee ae EX bas 


Collector Cutoff Current 
(Vcp = 15 Vdc, Ie = 0) 


ON CHARACTERISTICS 


| DC Current Gain 
(I¢ = 2.0 Adc, Veg = 5.0 Vdc) 


DYNAMIC CHARACTERISTICS 
Output Capacitance 


(Vog = 12.5 Vdc, Ie = 0, f = 1.0 MHz) 
FUNCTIONAL TEST 


Common-Base Amplifier Power Gain 
(Pout = 40 W, Vcc = 12.5 Vde, f = 870 MHz) 
Collector Efficiency 
(Pout = 40 W, Vcc = 12.5 Vdc, f = 870 MHz) 
Load Mismatch Stress a . 
(Vcc = 15.5 Vdc, Pj, = 15 W, f = 870 MHz, No Degradation in Output Power 
VSWR = 10:1, all phase angles) 


*Pin = 125% of the typical input power requirement for 40 W output power @ 12.5 Vdc. 


FIGURE 1 — 870 MHz TEST CIRCUIT SCHEMATIC 


ae 11 


. TL1 C1 
. ia TL2 
C1 — 43 pF, 100 Mil Chip Capacitor L1, L2 — 4 Turns #18 Enameled; 200 Mil ID 
C2 — 12 pF Mini-Unelco L3, L4-— 15 Turns #24 Enameled Over 12 ohm Carbon Resistor 
C3 — 15 pF Mini-Unelco . B — Ferrite Bead; Ferroxcube 56-590-65-3B 
C4 — 21 pF Mini-Unelco - TL1, TL4 — Micro Strip; 50 0. 
C5 — 18 pF Mini-Unelco — TL2 — Micro Strip; Z> = 34 0, A/4 @ 838 MHz 
C6 — 0.8-8.0 pF Johanson Gigatrim TL3 — Micro Strip; Z9 = 30 0, A/4 @ 838 MHz 
C7 — 47 pF, 100 Mil Chip Capacitor Board — 0.032” Glass Teflon 
C8 — 10 uF, 25 WV 2 oz. Cu CLAD, e, = 2.55 


C9, C12 — 1000 pF Unelco J101 
C10, C11 — 91 pF Mini-Unelco 
C13 — 25 uF, 25 WV 


MOTOROLA RF DEVICE DATA 
2-875 


MRF846 


FIGURE 3 — OUTPUT POWER versus FREQUENCY 


FIGURE 2 — OUTPUT POWER versus INPUT POWER 
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FIGURE 5 — 870 MHz TEST CIRCUIT 


MOTOROLA RF DEVICE DATA 


2-876 


MRF846 


| FIGURE 6 — SERIES EQUIVALENT INPUT IMPEDANCES 


Voc = 12.5 Vde, Pin = 12W 
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FIGURE 7 — SERIES EQUIVALENT OUTPUT IMPEDANCES 


Voc = 12.5 Vde, Poy = 40 W 
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MOTOROLA RF DEVICE DATA 
2-877 


MOTOROLA 


a SEMICONDUCTOR 
TECHNICAL DATA 


The RF Line 
NPN Silicon 
RF Power Transistor -— 

45 WATTS, 870 MHz 


.. designed for 12.5 volt UHF large-signal common-base amplifier applications in indus- «RF POWER 
trial and commercial FM equipment operating in the range of 806-960 MHz. ‘TRANSISTOR 


@ Specified 12.5 Volt, 870 MHz Characteristics | | : NPN SILICON 
Output Power = 45 Watts . 2 
Minimum Gain = 4.5 dB 
Efficiency = 60% 

® Series Equivalent Large-Signal Characterization 

® Internally Matched Input for Broadband Operation 

@ Tested for Load Mismatch Stress at all Phase Angles with 10:1 VSWR @ High Line 
and Rated Drive 

e@ Gold Metallized, Emitter Ballasted for Long Life and Resistance to Metal Migration 

@ Silicon Nitride Passivated _ 


CASE 319-06 


MAXIMUM RATINGS 


i es" eee, 
| 
se a 
Total Device Dissipation @ Ta = 25°C eee 
Derate above 25°C 0.85 w/c 
[Storage TemperawreRengs—SSSSCS~—~“‘~S*~S~*dCSg 8 TH] 
a 


THERMAL CHARACTERISTICS 


Thermal Resistance, Junction to Case ReJC Toa, 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 


Characteristic Symbol [win [tee eT te 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage (Ic = 50 mAdc, Ig = 0) ViBR)CEO 16.5 


Collector-Emitter Breakdown Voltage (Ic = 50 mAdc, Vge = 0) V(BR)CES 


Collector Cutoff Current (Vcg = 15 Vdc, Veg = 0) ICES 
ON CHARACTERISTICS 


DYNAMIC CHARACTERISTICS 


(continued) 


MOTOROLA RF DEVICE DATA 


2-878 


MRF847 


ELECTRICAL CHARACTERISTICS — continued (Tc = 25°C unless otherwise noted) ~ 


_ Characteristic | a 


FUNCTIONAL TESTS 


Common-Base Amplifier Power Gain 
(Vcc = 12.5 Vdc, Poyt = 45 W, f = 870 MHz) 


Collector Efficiency 


(Vcc = 12.5 Vde, Pout = 45 W, f = 870 MHz) 


Load Mismatch | 
(Vcc = 15.5 Vdc, Pj, = 16 W, f = 870 MHz, No Degradation In Output Power 
VSWR = 10:1 All Phase Angles) 


+ 12.5 V 


SOCKET ASSY. 


ia 
7 


ee area en ee | 
C1 = 51 pF, 100 mil Chip Capacitor C10, C11 = 91 pF Mini-Underwood 
C2 = 12 pF, Mini-Underwood : L1,L2 = 4 Turns #18 Enameled, 200 mil ID 
C3 = 11 pF, Mini-Underwood L3, L4 = 12 Turns #22 Enameled, Wound Over 10 0 Resistor 
C4, C5 = 21 pF, Mini-Underwood TL1, TL4 = 50 2 Microstrip Line 
C6 = 0.08-8.0 pF Johansen Gigatrim TL2 = Microstrip (Zg = 38 ohms, A/4 @ 838 MHz) 
C7 = 47 pF, 100 mil Chip Capacitor TL3 = Microstrip (Zg = 28 ohms, A/4 @ 838 MHz) 
C8, C13 = 10 uF, 25 WV Electrolytic Capacitor Board Material = 0.032” Glass-Teflon, 2 oz. cu. clad, er = 2.56 
C9, C12 = 1000 pF Unelco J101 B = Ferrite Bead, Ferroxcube 56-590-65-3B 


' Figure 1. 806-870 MHz Broadband Test Circuit 


MOTOROLA RF DEVICE DATA 


2-879 


MRF847 
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(SLIVM) HAMOd LAdLNO 47g 


f, FREQUENCY (MHz) 


P:,, INPUT POWER (WATTS) 


Figure 3. Output Power versus Frequency 


Figure 2. Output Power versus Input Power 
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Figure 4. Output Power versus Supply Voltage 


Figure 5. Typical Broadband Circuit Performance 


Vcc = 12.5 Vde, Pin = 16 W, Poyt = 45 W 


*Zo. = Conjugate of the optimum load impedance into which 


the device output operates at a given output power, 


voltage, and frequency. 


Figure 6. Series Equivalent Input/Output Impedances 


MOTOROLA RF. DEVICE DATA 


2-880 


MOTOROLA 
a SEMICONDUCTOR yyy 
TECHNICAL DATA 


The RF Line | - MRE873 


NPN Silicon 
RF Power Transistor 


... designed for 12.5 Volt UHF large-signal, common-emitter applications in industrial 


15 W 806-960 MHz 


RF POWER 
and commercial FM equipment operating in the range of 806-960 MHz. TRANSISTOR 
e Specified 12.5 Volt, 870 MHz Characteristics COMMON-EMITTER 
NPN SILICON 


‘Output Power = 15 Watts 
Minimum Gain = 7 dB 
Efficiency = 60% 
@ Internally Matched Input for Broadband Operation 
@ Series Equivalent Large-Signal Characterization 
@ Capable of withstanding 20:1 VSWR Load Mismatch at Rated Input Power and 
15.5 Vde 
@ Gold Metallized, Emitter Ballasted for Long Life and Resistance to Metal Migration 
@ Silicon Nitride Passivated 


MAXIMUM RATINGS 


Collector-Current — Continuous 


Operating Junction Temperature 


Total Device Dissipation @ Ta = 25°C (1) 
Derate above 25°C 


Storage Temperature Range 
THERMAL CHARACTERISTICS 


Thermal Resistance, Junction to Case (2) | Rac (| 4 °C/W 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 


OFF CHARACTERISTICS 


ON CHARACTERISTICS 


DC Current Gain (Ic = 1 Adc, Veg = 5 Vdc) bre | 40 | — | 2 | — | 


DYNAMIC CHARACTERISTICS 


(1) This device is designed for RF operation. The total device dissipation rating applies only when the device is (continued) 


operated as an RF amplifier. 
(2) Thermal Resistance is determined under specified RF operating conditions by infrared measurement techniques. 


MOTOROLA RF DEVICE DATA 


2-881 


MRF873 


ELECTRICAL CHARACTERISTICS — continued (Tc = 25°C unless otherwise noted.) 


FUNCTIONAL TESTS 


Common-Emitter Amplifier Power Gain (Broadband) 
(Vcc = 12.5 Vdc, Poyt = 15 W, f = 870 MHz) 


Collector Efficiency | 
(Vcc = 12.5 Vde, Pout = 15 W, f = 870 MHz) 


Load Mismatch Stress 
(Vcc = 15.5 Vde, f = 870 MHz, Pin = 3 W, 
VSWR = 20:1, all phase angles) 


No degradation in 
output power 


Lt zl = al | 
SHORTING Pe conunee 1 C5 
PLUG aA PORT | eaiag ! on L6 +Vcc 


a eae | SOCKET 


C9 
INPUT C3 (eC 
Z ‘A z 
C4 f C6 oa C8 ie 
ees | 
mae nee apie 
— is | a —_ — | == Tet 

NE ch ee ot tty oe re a 
Ci, C15 — 10 pF, 25 V Tantalum L1~—- 13 Turn #20 AWG Around 10 Q 1/2 W Resistor 
C2, C14 — 1000 pF, 350 V Unelco L2, L5 — Ferroxcube Bead #56-590-65-3B 
C3, C12 — 43 pF, 100 Mil ATC Chip Capacitor L3, L4 — 4 Turns #20 AWG Choke’lD 0.2” 
C5, C13 — 91 pF, Mini-Uneico L6 — 6 Turns #20 AWG Choke ID 0.2 ” 
C4, C11 — 0.8-8 pF Johansen Gigatrim 7290 Variable Z1, Z4 — 50 Ohm Microstrip 
C6 — 16 pF Mini-Underwood Z2 — 36 Ohm Microstrip A/4 @ 838 MHz — 
C7, C8, C9 — 12 pF Mini-Underwood Z3 — 26 Ohm Microstrip A/4 | 838 MHz 


C10 — 10 pF Mini-Underwood 
NOTE: C11 = 0.4” down Z3 from socket edge. 


Board Material — 0.032" Glass Teflon 2 oz. Copper Clad e, = 2.55 


Figure 1. 806-900 MHz Broadband Test Fixture 


Pout, OUTPUT POWER (WATTS) 


Pout, OUTPUT POWER (WATTS) 


Vec = 12.5 Vde 


800 840 920 960 
Pin, INPUT POWER (WATTS) f, sea (MHz) 


Figure 2. Output Power versus Input Power : Figure 3. Output Power versus Frequency 


MOTOROLA RF DEVICE DATA 
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MRF873 
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f, FREQUENCY (MHz) 
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Figure 5. Typical Performance in Broadband 


Figure 4. Output Power versus Supply Voltage 


Test Fixture 


ircu 


igure 6. Photo Test Ci 


F 


7. Photomaster 


NOTE: The Printed Circuit Board shown is 75% of the original. 


MOTOROLA RF DEVICE DATA 


2-883 


MRF873 


0.91 + j3.5 | 2.93 — j1.39 
1.29 + j3.68 | 2.92 — j0.81 
187 + j3.45 | 2.44 — j0.22 


-/ ~ f- NOTE: Circuit tuning and input power 
> fa... adjusted to maintain output power of 15 W 


Seen! a =: vt = aes 12.5 Vde. a 
paronent( 7), OR ones po Tae *ZoL * Conjugate of the optimum load 
Th bs - 
\\ os 


Ree Saat impedance into which the device 
output operates at a given output 
power, voltage, and frequency. 
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Figure 8. Series Equivalent Input/Output Impedances 


MOTOROLA RF DEVICE DATA 


2-884 


MOTOROLA 
a SEMICONDUCTOR xy eel | 
TECHNICAL DATA : a atta. OS - MRF890 


| The RF Line _ | | 


2.0 W 900 MHz 


RF POWER 
TRANSISTOR 
NPN SILICON RF POWER TRANSISTOR cS i 
NPN SILICON 


... designed for 24 volt UHF large-signal, common-emitter amplifier 
applications in industrial and commercial FM equipment operating 
in the range of 804 - 960 MHz. . 
@ Specified 24 Volt, 900 MHz Characteristics 
Output Power = 2.0 Watts 
Minimum Gain = 9.0 dB 
Efficiency = 55% 
@ Series Equivalent Large-Signal Characterization 
@ Capable of 30:1 VSWR Load Mismatch at Rated Output Power 
and Supply Voltage _3 
® Gold Metallized, Emitter Ballasted for Long Life and Resistance to 
Metal Migration 


@ Silicon Nitride Passivated 


MAXIMUM RATINGS 


- STYLE 1: 
PIN 1. EMITTER 
2. BASE 
3. EMITTER 
4, COLLECTOR 


MILLIMETERS INCHES 
DIM | MIN | MAX | MIN 


(1) This device is designed for RF operation. The total device dissipation rating applies . Cv 08 ae AT 
only when the device is operated as an RF amplifier. 7 a a TE a 
(2) Thermal Resistance is determined under specified RF operating conditions by infrared i L 140 15 10.055 1 0.065 
measurement techniques. - rc cor = vm 
mee 
S_| 1.40 


1,40 


CASE 305-01 


MOTOROLA RF DEVICE DATA 


2-885 


MRF890 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage Vi(BR)CEO 
(i¢ = 5.0 mAdc, Ip=0) 
V(BR)CES 


Collector Cutoff Current 
(VcB = 30 Vdc, Ig = 0) 


ViBR)EBO 
ON CHARACTERISTICS | 
DC Current Gain hFE 
(Ic = 100 mAdc, Vg = 5.0 Vde) 


DYNAMIC CHARACTERISTICS 


Output Capacitance 
(Vcp = 30 Vdc, Ig = 0, f= 1.0 MHz) 


FUNCTIONAL TEST 


Common-Emitter Amplifier Power Gain 
(Pout = 2-0 W, Vcc = 24 Vdc, f = 900 MHz) 


Collector Efficiency 
(Pout = 2.0 W, Voc = 24 Vdc, f= 900 MHz) 


FIGURE 1 — 850 - 900 MHz TEST CIRCUIT 


peer ttle ces L [am | 
nn fe 
a (ae O44 —o+ 
C3 7 amen 16 === Vec=24V 
=a aD ca] ca] o- 
= 13 L5 
7 L4 23 z5 ~~, RF 
| oO z4 [i Z6 CTH output 
| . Z1 Vn C10 
RF Input po 22 be I@ 
C2 | DUT C7 
: e 
C1 


C1, C7 — Johanson 0.5 - 4.0 pF Giga-Trim 
C2, C5, C6 — 91 pF Mini Underwood Mica 
C3, C9 — 1.0 uF Electrolytic . 
C4, C8 — 250 pF Unelco 
~ C10 — 39 pF Mini Underwood 
L1, L7 — 10 Turns Around 10 0 1/2 W Resistor 
L2, L3, L6 — Ferrite Bead 
L4, L5 — 4 Turns 26 AWG 0.1” ID 
Z1, Z2, Z3, 24, Z5, Z6 — Distributed Microstrip Elements (see photomask) 
Board Material — Glass Teflon e, = 2.55 t= 0.031” 


MOTOROLA RF DEVICE DATA 
2-886 


MRF890 


‘FIGURE 2 — OUTPUT POWER versus INPUT POWER FIGURE 3 — OUTPUT POWER versus SUPPLY VOLTAGE 


Pout, OUTPUT POWER (W) 


Pout, OUTPUT POWER (W) 
LN 
So 


EERIE Ee 
ees 


: bes 400 18. 2 © 22 2 28 28 
Pin. INPUT POWER (mW). are slit ae Veg. SUPPLY VOLTAGE (V) 


| ee ee FIGURE 5 — TYPICAL PERFORMANCE IN 
FIGURE 4 — OUTPUT POWER versus FREQUENCY . BROADBAND CIRCUIT 
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bn 
4.0 
850 860 870 880. 890 900 
f, FREQUENCY (MHz) f, FREQUENCY (MHz) 
FIGURE 7 — SERIES EQUIVALENT 


FIGURE 6 — SERIES EQUIVALENT INPUT IMPEDANCE OUTPUT IMPEDANCE 


ANT NAT ES 


ue ee Le 9 pat 
a Sx Pout = 2.0 W, Vcc = 24 Vde 


SE The i 
V can al 
Reene 
LKR unre 
2 PLR? hie 
ET TPH tat Bosse EHF 
7 ) +] ve ~ KOSH 6 77) 
*ZoL = Conjugate of the optimum load impedance into which the device output operates 
at a given output power, voltage, and frequency. 


MOTOROLA RF DEVICE DATA 
2-887 


MRF890 


FIGURE 8 — PHOTOMASTER FOR TEST FIXTURE 
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FIGURE 9 — 850-900 MHz TEST CIRCUIT 


MOTOROLA RF DEVICE DATA 


2-888 


MOTOROLA 


m= SEMICONDUCTOR @ 
TECHNICAL DATA 


MRF891 


5.0W 900 MHz 
RF POWER 
TRANSISTOR 


The RF Line 


_ NPN SILICON RF POWER TRANSISTOR NPN SILICON 


... designed for 24 volt UHF large-signal, common-emitter am- 
plifier applications. in industrial ‘and commercial FM equipment. 
operating in the range of 800-960 MHz. | 
®@® Specified 24 Volt, 900 MHz Characteristics - 
Output Power = 5.0 Watts 
Minimum Gain = 9.0 dB 
Efficiency = 50% | 
® Series Equivalent Large-Signal Characterization : 
® Capable of withstanding 20:1 VSWR Load Mismatch at Rated ~ 
_ Output Power and Supply Voltage BOR TOR es 


@ Gold Metallized, Emitter Ballasted for Long. Life and > 


Resistance to Metal Migration ee -———-TA)- om | 
fe des sey F *  GENTACATION L——__— [4[40.15 10.06 © [t] a @[N@ 
@ Silicon Nitride Passivated NOTCH nes tal | 
a= EA] 
1 
1 | 2 r) K i 
j 


plore 
he Dan {4]0.38 (0.015) ® [tla @[ nN @ 


-—_——- ———_a-- 


} | a: ae Varo Rae v @| 


= es ae 
t z LT | prane 


MAXIMUM RATINGS 


STYLE 2: 

PIN 1. EMITTER (COMMON) 
, BASE {INPUT} 
EMITTER (COMMON) 
EMITTER (COMMON) 
COLLECTOR (OUTPUT} 
EMITTER (COMMON) 


OnPRwnr 


Collector-Current — Continuous 


Total Device Dissipation @ Ta = 50°C 8 | 
Derate above 50°C (1) 0.143 
Storage Temperature Range | 


THERMAL CHARACTERISTICS 


"NOTES: 

1. DIMENSIONING AND TOLERANCING PER ANSI 
Y14.5M, 1982. 

2. CONTROLLING DIMENSION: INCH. 


(1) This device is designed for RF operation. The total device dissipation rating applies 


only when the device is operated as an RF amplifier. | MILLIMETERS | INCHES 
(2) Thermal Resistance is determined under specified RF operating conditions by infrared DIM | MIN | MAX | MIN | MAX 
measurement techniques. [a | 2452 | 25.01 | 0.965 [| 0.985 | 
B | 902 | 952 | 0.355 | 0.375 
(ce [5.25 | 6.60 [0.230 | 0.260 | 
p {| 293 | 317 | 0.115 | 0.125 
E | 270 | 294 | 0.106 | 0.116 
F.| 191 | 215 | 0.075 | 0.085 
H | 407 | 4.31 | 0.160 | 0.170 
J | on | 015 | 0.004 0.006 _| 
| K | 229 | 279 | 0.090 [0.110 
L | 18.42 BSC 0.725 BSC 
LN | 5.72 | 612 | 0.225 | 0.241 
a [| 318 | 342 [ 0125 [ 0135 | 
CASE 319-06 


MOTOROLA RF DEVICE DATA 


2-889 


MRF891 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) | . 


[SSC haracterisle «| Syembot_ win | typ Max | un 


Collector-Emitter Breakdown Voltage V(BR)CEO Vde 
(i¢ = 20 mAdc, Ip = 0) 

Collector-Emitter Breakdown Voltage V(BR)CES Vde 
(Ic = 20 mAdc, VBE = 0) . 

Emitter-Base Breakdown Voltage V(BR)EBO ; Vde 
(Ig = 0.5 mAdc, Ic = 0) 

Collector Cutoff Current ICES 1.0 mAdc 
(VcE = 30 Vdc, Veg = 0, Tce = 25°C) . 


ON CHARACTERISTICS 


DC Current Gain hee 150 
‘(Ic = 200 mAdc, VcgE = 5.0 Vdc) 


DYNAMIC CHARACTERISTICS 
Output Capacitance 


OFF CHARACTERISTICS 


(Vcp = 24 Vdc, Ie = 0, f = 1.0 MHz) 
FUNCTIONAL TESTS 


Common-Emitter Amplifier Power Gain (Broadband) 
(Vcc = 24 Vdc, Poyt = 5.0 W, f = 900 MHz) 


Collector Efficiency 
(Vcc = 24 Vdc, Poyt = 5.0 W, f = 900 MHz) 


Load Mismatch Stress 


(Voc = 24 Vdc, Pin = 0.63 W, f = 900 MHz, Node gradationsin 


output power 


VSWR = 20:1, all phase angles) 


FIGURE 1 — BROADBAND TEST FIXTURE 


Shorted 
Plug 


(For AVRE 
Test) 


Ci — 39 pF, 100 Mil Chip Capacitor 10 Turns #20 AWG Around 10 Ohm 1/2 Watt Resistor 
C10 — 47 pF, 100 Mil Chip Capacitor 4 Turns #16 AWG Choke | 
C6, C14 — 10 uF, 25 V Tantalum Ferrite Bead 

C5, C13 — 1000 pF, 350 V Unelco — 0.5”, #18 AWG Wire 

C7, C11, C12 — 91 pF, Mini-Unelco — 50 Ohm Microstrip Line 

C3,C4 | — 12 pF, Mini-Unelco — W = 165 Mils, € = 1946 Mils 

C2, C8, C15 — 0.8-8.0 pF Johansen Gigatrim — W = 166 Mils, € = 1563 Mils 

C9 — 5.0 pF, Mini-Unelco PC Board — 0.031” Glass Teflon (e, = 2.56) 


MOTOROLA RF. DEVICE DATA 


2-890 


MIRF891 


FIGURE 3 — OUTPUT POWER versus SUPPLY VOLTAGE 


FIGURE 2 — OUTPUT POWER versus INPUT POWER 
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CIRCUIT PERFORMANCE 


FIGURE 5 — TYPICAL BROADBAND 


FIGURE 4 — OUTPUT POWER versus FREQUENCY _ 
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FIGURE 7 — SERIES EQUIVALENT OUTPUT IMPEDANCE 


FIGURE 6 — SERIES EQUIVALENT INPUT IMPEDANCE 
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MOTOROLA RF DEVICE DATA 


2-891 


MRF891 


FIGURE 8 — PHOTOMASTER FOR TEST CIRCUIT 


MRF891 5 Wie 
900 MHz ere 


NOTE: The Printed Circuit Board shown is 75% of the original. 


FIGURE 9 — BROADBAND TEST CIRCUIT 


MOTOROLA RF DEVICE DATA 


2-892 


MOTOROLA 


m= SEMICONDUCPOR ea 
TECHNICAL DATA MRF892 


| The RF Line | : | 
: = = aes raw 900 MHz 


- RF POWER 
TRANSISTOR 


NPN SILICON RF POWER TRANSISTOR | 


NPN SILICON 


... designed for 24 volt UHF large-signal, common-base amplifier 
applications in industrial and commercial FM equipment operating 
in the range of 804 - 960 MHz. | . 


@ Specified 24 Volt, 900:MHz Characteristics 7 
Output Power = 14 Watts 
Minimum Gain = 8.5 dB 
Efficiency = 55% ia | 

@® Series Equivalent Large-Signal Characterization 

@ Capable of 30:1 VSWR Load Mismatch at Rated Output Power 
and Supply Voltage 

@ Gold Metallized, Emitter Ballasted for Long Life and Resistance to 
Metal Migration 


Qian 


[+1605 (0.006 ® [t] a @[ nN © 


ie cas ain t 
@ Silicon Nitride Passivated ae PR 
4-6] | = 
[2 | 


K 


atte ee 
Tt Lom oie 
Den [4{038/0018 © [T]a [Nn @) 
8 
, [¢[038 10015) ® [tT] A @[N® 
4 


SEA 
= 


STYLE 1: 
PIN 1. BASE (COMMON) 
2. EMITTER (INPUT) 
3. BASE (COMMON) 
4. BASE (COMMON) 
5. COLLECTOR (OUTPUT) 
6. BASE (COMMON) 


MAXIMUM RATINGS 


ating Sd Svmbor [Value | Unt 

‘Colecormiver vonage | _—‘Yeeo_| _30_~| We 
Total Device Dissipation @ Tc = 25°C (1) La 50 
Derate Above 25°C 0.29 mWw/°C 

Storage Temperature Range 


THERMAL CHARACTERISTICS 


Characteristic 


Thermal Resistance, Junction to Case (2) 


1. DIMENSIONING AND TOLERANCING PER ANSI 
Y14.5M, 1982. 
2. CONTROLLING DIMENSION: INCH. 


(1) This device is designed for RF operation. The total device dissipation rating applies 
only when the device is operated as an RF amplifier. 

(2) Thermal Resistance is determined under specified RF operating conditions by infrared 
measurement techniques. 


3.42 | 0.125 


CASE 319-06 


MCTOROLA RF DEVICE DATA 


2-893 


MRF892 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 


I Characteristic Symbol Min | Typ Te Max | Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(I¢ = 25 mAdc, Ip = O) 


Collector-Emitter Breakdown Voltage 
(I¢ = 25 mAdc, Veg = O) . 


Emitter-Base Breakdown Voltage 
(Ig = 5.0 mAde, Ic = 0) 


Collector Cutoff Current 
(VcB = 30 Vdc, Ig = 0) 


ON CHARACTERISTICS 


DC Current Gain hee 10 — 100 
(Ic = 1.0 Adc, Vcg = 5.0 Vdc) 


DYNAMIC CHARACTERISTICS 


Output Capacitance Cob — 12.5 — pF 
(Veg = 30 Vde, Ie = O, f= 1.0 MHz) 


FUNCTIONAL TEST 


—[ 


Common-Base Amplifier Power Gain GpE 8.5 9.5 = dB 
(Pout = 14 W, Vcc = 24 Vdc, f = 900 MHz) 


Collector Efficiency e 55 60 = ay 
(Pout = 14 W, Vec = 24 Vde, f = 900 MHz) 


FIGURE 1 — 850-900 MHz BROADBAND CIRCUIT SCHEMATIC 


C1 — 51 pF, 100 Mil Chip Capacitor B — Ferrite Bead, Ferroxcube 56-590-65-3B 


C2, C3 — 13 pF Mini-Unelco TL1 — Micro Strip, 50 0 

C4 — 43 pF, 100 Mil Chip Capacitor TL2 — Micro Strip, Zg = 26 Q, A/4 @ 875 MHz 
C5, C10 — 10 uF, 35 WV TL3 — Micro Strip, Z9 = 14 0, A/4 @ 875 MHz 
C6, C9 — 500 pF Unelco J101 Board — 0.032” Glass Teflon 

C7, C8 — 91 pF Mini-Unelco 2 oz. Cu CLAD, e, = 2.55 


C11 — 0.8-8.0 pF Johanson Gigatrim 
L1, L2 — 4 Turns #18 Enameled, 5/32” ID 
L3, L4 — 14 Turns #22 Enameled Over 10 Q Carbon Resistor 


| MOTOROLA RF DEVICE DATA 
2-894 | 


MRF892 


FIGURE 3 — OUTPUT POWER versus SUPPLY VOLTAGE 


FIGURE 2 — OUTPUT POWER versus INPUT POWER 


f= 900 MHz 


(SLIVM) H3MOd LNdino 2g 


Vcc, COLLECTOR SUPPLY VOLTAGE (VOLTS) 


7 INPUT POWER 8 


FIGURE 5 — TYPICAL PERFORMANCE IN 
BROADBAND CIRCUIT | 


FIGURE 4 — OUTPUT POWER versus FREQUENCY 
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MOTOROLA RF DEVICE DATA | 


2-895 


MRF892 


FIGURE 7 — SERIES EQUIVALENT 


FIGURE 6 — SERIES EQUIVALENT INPUT IMPEDANCE OUTPUT IMPEDANCE 
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*Zo. = Conjugate of the optimum load impedance into 
“which the device output operates at a given output 
power, voltage, and frequency. 
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FIGURE 8 — 850-900 MHz TEST CIRCUIT 


MOTOROLA RF DEVICE DATA 
2-896 


- MOTOROLA | 
2 SEMICONDUCTOR yyy a 
TECHNICAL DATA | | MRFS94. 


| | The RF Line cena 
| . , _ 3 30 WwW 900 MHz 


RF POWER 
TRANSISTOR 


NPN SILICON RF POWER TRANSISTOR 


... designed for 24 volt UHF large-signal, common-base amplifier NPN SILICON 


applications in industrial and commercial FM equipment operating 
in the range of 804 ~ 960 MHz. . 


@ Specified 24 Volt, 900 MHz Characteristics 
Output Power = 30 Watts 
Minimum Gain = 7.0 dB 
Efficiency = 55% 

@ Series Equivalent Large-Signal Characterization 

@ Capable of 30:1 VSWR Load Mismatch at Rated Output Power 
and Supply Voltage | 

@ Gold Metallized, Emitter Ballasted for Long Life and Resista nce to 
Metal Migration 


@ Silicon Nitride Passivated 


Q2m 


[+[60.15 10.006 © [tT] a @[N @] 


as = Dm [4/038 0018 @ [tla @[ Nn @] 


oer: ® else N @| 


MAXIMUM RATINGS | Se peer oe a : 


; 


3. BASE (COMMON) 
4, BASE (COMMON) 
9. COLLECTOR (OUTPUT) 
6. BASE (COMMON) 


Vdc 
STYLE 1: 
PIN 1. BASE (COMMON) 
| 2. EMITTER {INPUT} 


NOTES: 
1. DIMENSIONING AND TOLERANCING PER ANSI 
Y14.5M, 1982. 
2. CONTROLLING DIMENSION: INCH. 


(1) This device is designed for RF operation. The total device dissipation rating applies 
only when the device is operated as an RF amplifier. 

(2) Thermal Resistance is determined under specified RF operating conditions by infrared 
measurement techniques. 


CASE 319-06 


MOTOROLA RF DEVICE DATA 


2-897 


MRF8&94 


ELECTRICAL CHARA CER ICe (Tc = 25°C nléeeee otherwise Awiad) 
| - * Characteristic 


OFF CHARACTERISTICS 
Collector-Emitter Breakdown Voltage V(BR)CEO 
(ic = 25 mAde, Ip = 0) | | 
Collector-Emitter Breakdown Voltage . — VIBR)CES 
(Ic = 25 mAdc, VpeE = O) 
Emitter-Base Breakdown Voltage | V(BR)EBO 
(Ig = 5.0 mAdc, Ic = 0) 


Collector Cutoff Current 
(VcB = 30 Vde, IE = 0) 


ON CHARACTERISTICS 


DC Current Gain | 
(Ic = 2.0 Adc, Veg = 5.0 Vdc) 


DYNAMIC CHARACTERISTICS 


FUNCTIONAL TEST 


Common-Base Amplifier Power Gain 
(Pout = 30 W, Vcc = 24 Vdc, f = 900 MHz) 


Collector Efficiency 
(Pout = 30 W, Vcc = 24 Vde, f = 900 MHz) 


Li 


+24 


C1, C13 — 5 pF, 50 Vde L1, L4 — 11 Turns #20 Enameled Over 10 0 Carbon Resistor 
C2, C12 — 1000 pF Unelco L2, L3 — 4 Turns #20 Enameled, .15” ID a 
C3, C11 — 47 pF, 100 Mil Chip Capacitor B — Ferrite Bead, Ferroxcube 56-590-65-3B 

C4, C9 — 91 pF, Mini-Underwood | TL1, TL4 — Micro Strip Line, 50 0 

C5, C6 — 12 pF, Mini-Underwood TL2 — Micro Strip, Z9g = 30 0, 4/4 @ 875.MHz 

C7 — 18 pF, Mini-Underwood TL3 — Micro Strip, Zg = 22 ©, A/4 @ 875 MHz 

C8 — 24 pF, Mini-Underwood | Board — 0.032” Glass Teflon 

C10 — 0.8-8.0 pF Johanson Gigatrim 2 oz. Cu CLAD, e, = 2.55 


MOTOROLA RF DEVICE DATA 
| 2-898 


MRF894 


TYPICAL CHARACTERISTICS 


FIGURE 2 — OUTPUT POWER versus INPUT POWER 


FIGURE 3 — OUTPUT POWER versus FREQUENCY 
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FIGURE 5 — TYPICAL BROADBAND 


FIGURE 4 — OUTPUT POWER versus 


CIRCUIT PERFORMANCE 
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MOTOROLA RF DEVICE DATA 


2-899 


MRF894 


FIGURE 6 — SERIES EQUIVALENT IMPEDANCE 


Vec = 24 Vdc, Pout = 30 W 


LEK 
ZR 


*Zo. = Conjugate of the optimum load impedance into which the device output operates 
at a-given output power, voltage, and frequency. 


FIGURE 7 — 850-900 MHz BROADBAND CIRCUIT 


MOTOROLA RF DEVICE DATA 
- 2-900 


MOTOROLA | | - e 


m= SEMICONDUCTOR ye 


TECHNICAL DATA 4 , 


The RF Line ae | MIRF&98 
NPN Silicon 
RF Power Transistor a 

| _ 60 WATTS, 850-960 MHz 


... designed for 24 Volt UHF large-signal, common base amplifier applications in indus- RF POWER TRANSISTOR 
trial and commercial FM equipment operating in the range 850-960 MHz. NPN SILICON | 


@ Motorola Advanced Amplifier Concept Package 
® Specified 24 Volt, 900 MHz Characteristics 
Output Power = 60 Watts 
Minimum Gain = 7 dB 
Efficiency = 60% 7 
@ Double Input/Output Matched for Wideband Performance and Simplified External 
Matching . 
Series Equivalent Large-Signal Characterization | 
Gold Metallized, Emitter Ballasted for Long Life and Resistance to Metal Migration 
@ Silicon Nitride Passivated gee 


MAXIMUM RATINGS 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


' | Storage Temperature Range . : . 


THERMAL CHARACTERISTICS 


- Characteristic 


Thermal Resistance, Junction to Case 


ELECTRICAL CHARACTERISTICS (Teo = 25°C unless otherwise noted.) 


OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage ViBR)CEO 
(I¢ = 50 mAdc, Ip = 0) 

Collector-Emitter Breakdown Voltage V(BR)CES 
(I¢ = 50 mAdc, Vee = 0) ; 

Emitter-Base Breakdown Voltage V(BR)EBO 
(le = 5 mAdc, Ic = 0) © 

Collector Cutoff Current | ICES 
(VcE = 30 Vde, Vege = 0, Tc = 25°C) © 


(continued) 


‘MOTOROLA RF DEVICE DATA 
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MRF898 


ELECTRICAL CHARACTERISTICS — continued (Tc = 25°C. unless otherwise noted.) 


ON CHARACTERISTICS 


DC Current Gain 


(Ic = 2 Ade, VcE = 5 Vdc) 
DYNAMIC CHARACTERISTICS 
Output Capacitance* 
(VcB = 24 Vdc, Ig = 0, f = 1 MHz) 
FUNCTIONAL TESTS 
Common-Base Amplifier Power Gain 
(Vcc = 24 Vdc, Pout = 60 W, f = 900 MHz) 


Collector Efficiency 
(Vcc = 24 Vdc, Pout = 60 W, f = 900 MHz) 


Output Mismatch Stress _ 
Vcc = 24V,-Pout = 60 Watt, f = 900 MHz, VSWR = 5:1 - No Degradation in Output Power | 
(all phase angles) : . 


*Value of “Cop” is.that of die only. it is not measurable in MRF898 because of internal matching network. 


SHORTING 
PLUG 


OHMS 
_ B1, B2, B3 — Bead, Ferroxcube 56-390-65/3B Board — 3M Epsilam-10, 50 Mil 
C1, C2, C12’ — 39 pF, 100 Mi! Chip Capacitor . TL1, TL6 — 50:'Ohm Microstrip 
C3, C11 — 91 pF, Mini Underwood or Equivalent TL2 — 400 x 950 Mils 
C4, C7, C9 — 10 uF, 35 V Electrolytic TL3, TL4 — 140 x 200 Mils © 
C5 — 4000 pF, 1 kV Ceramic TL5 — 320 x 690 Mils 
C6, C10 — 1000 pF, 350 V Unelco or maualeny .. TL7 — 260 x 230 Mils 
Cee Ped MILE ip Capacitor | Bias Boards — 1/32” G10 or Equivalent 


L1, L4 — 4 Turns #18 AWG Choke 
L2 — 11 Turns #20 AWG Choke on 10 Ohm, 1 Watt Resistor 
L3 — 3 Turns #18 AWG Choke on 10 Ohm, 1 Watt Resistor 


Figure 1. 850-960 MHz Broadband Test Circuit 
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Figure 3. Output Power versus Frequency 
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Figure 5. Typical Broadband Circuit Performance 
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Figure 6. Input/Output Impedance versus Frequency 
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Figure 4. Output Power versus Supply Voltage 


Figure 2. Output Power versus Input Power 
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Vre Bias Board © . Collector Bias Board 


seusse® 


BOARD 


RF Input Board RF Output Board 
NOTE: The Printed Circuit Board shown is 75% of the original. 
Figure 7. Photomaster | 


Figure 8. 850-960 Broadband Test Circuit 
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MOTOROLA | 
= SEMICONDUCTOR yyy 
TECHNICAL DATA 


The RF Line ; 


NPN SILICON HIGH-FREQUENCY TRANSISTOR 


... designed primarily for use in high-gain, low-noise small-signal 
amplifiers. Also usable in applications requiring fast switching 
times. 


@® High Current-Gain-Bandwidth Product — ft = 4.5 GHz (Typ) @ 
Ic = 15 mAdc 


@ Low Noise Figure @ f = 1.0 GHz — NF = 2.0 dB (Typ) and 
2.5 dB (Max) 


@ High Power Gain — Gpe = 10 dB (Min) @ f= 1.0 GHz 


@ Third Order Intercept = +23 dBm (Typ) 


MAXIMUM RATINGS 


Collector Current — Continuous 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


Storage Temperature Range 


THERMAL CHARACTERISTICS 


Characteristic _ 
Thermal Resistance, Junction to Ambient 


MOTOROLA RF DEVICE DATA 


2-905 


MRF901 


(2.5 dB @ 1.0 GHz 


-- HIGH FREQUENCY 


TRANSISTOR 


NPN SILICON 


- PLANE 


STYLE 2: 
PIN 1. COLLECTOR 
2. EMITTER 
3. BASE 
4. EMITTER 


NOTE: 
DIMENSION D NOT APPLICABLE IN ZONE N. 


MILLIMETERS INCHES 
MIN. | MAX 
0.175 | 0.205 _| 
0.100 


0,039 


CASE 317-01 


MRF901 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) | 
TS SSSSSCCharactoristic =| Symbot | Min | typ | Max | nit 


OFF CHARACTERISTICS 


ON CHARACTERISTICS 


DC Current Gain hEE 30 200 
(ic = 5.0 mAdc, VcE = 5.0 Vdc} 


DYNAMIC CHARACTERISTICS 
Current-Gain-Bandwith Product 
(Ic = 15 mAdc, VCE = 10 Vdc, f = 1.0 GHz) 


Noise Figure 
(I¢ = 5.0 mAdc, VCE = 6.0 Vdc, f = 1.0 GHz) 


Common-Emitter Amplifier Power Gain 
ice = 6.0 Vdc, Ic = 5.0 mA, f = 1.0 GHz) 


RF Output 
RF Input 


Bias Slug Tuner 
Tee 


FIGURE 2 — MAXIMUM UNILATERAL GAIN 
versus FREQUENCY 
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eae ee ee ee 


[Oo 


o 
NS) 
o 
in 
Mu 
ra 
a 
jon) 
wn 


f, FREQUENCY (GHz) 
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FIGURE 3 — CURRENT GAIN — BANDWIDTH PRODUCT | 
versus COLLECTOR CURRENT 
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fy, CURRENT GAIN — BANDWIDTH PRODUCT (GHz) 


0 40 8.0 12 . 16 20 24 28 
Ic, COLLECTOR CURRENT (mA) 


FIGURE 5 — NOISE FIGURE versus 
COLLECTOR CURRENT 


NE, NOISE FIGURE (dB) 


0 2.0 4.0 6.0 8.0 10 
Ic, COLLECTOR CURRENT (mA) 


FIGURE 7 — |S24|2 versus FREQUENCY 


|So7|2, INSERTION GAIN (dB) 
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FIGURE 4 — NOISE FIGURE versus FREQUENCY | 
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FIGURE 6 — MAXIMUM UNILATERAL GAIN 
versus COLLECTOR CURRENT | 


> 


— oe 
CO ho 


a -< 
oo 
mri 
— J 
=a 
oO o 
ae 


Nn FF 2 @ 
= a ee) 


NS 


Gu(max), MAXIMUM UNILATERAL GAIN (dB) 
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FIGURE 8 — COLLECTOR-BASE CAPACITANCE 
versus COLLECTOR-BASE VOLTAGE 
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Cob, COLLECTOR-BASE CAPACITANCE (pF) 


0 2.0 4.0 6.0 8.0 10 12 14 16 
Vcp, COLLECTOR-BASE VOLTAGE (Vdc) 
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TABLE | 


VCE 
(Volts) 


MOTOROLA RF DEVICE DATA 
2-908 


MRF901 


FIGURE 9 — INPUT AND OUTPUT REFLECTION FIGURE 10 — FORWARD/ REVERSE TRANSMISSION —_. 
COEFFICIENTS versus FREQUENCY chs _ COEFFICIENTS versus FREQUENCY : 


(VCE = 10 V, Ii¢ = 15 mA) (Voce = 10V, I¢=15:mA) re , 


-[50 
Coordinates in Ohms 


FIGURE 11 — SOURCE IMPEDANCE (Cms). FOR 
OPTIMUM NOISE FIGURE versus FREQUENCY 
(VCE = 10 Vdc, Ic = 5.0 mA) 


Coordinates in Ohms 
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FIGURE 12 — CONSTANT GAIN AND NOISE 
. FIGURE CONTOURS 
(Veg =10 Vde, Ic = 5.0 mA f= 500 MHz) 


“}50 $8942 


“Maximum Unilateral Gain, Gymax =~. 9, 71 _1 e012) (K< 1) 
7 (1 -|84412) (1 -[S22l2) 


FIGURE 13 — CONSTANT GAIN AND NOISE 
_ FIGURE CONTOURS 
(VcE = 10 Vde, Ic = 5.0 mA f= 1.0 GHz) 


-j ; 
*Maximum Available Gain, Gamax = sat (K +VK2-1) (K>1) 


-MOTOROLA RF DEVICE DATA 
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ma SEMICONDUCTOR 


MOTOROLA 
TECHNICAL DATA. 
The RF Line | 


NPN SILICON HIGH-FREQUENCY TRANSISTOR 


se designed for use as low-noise, high-gain, general purpose amplifiers. 


® High Current-Gain — Bandwidth Product — 
fT = 4.0 GHz (Typ) @ Ic = 15 mAdc 
® Low Noise Figure — ~~. 
NF = 1.5 dB (Typ) @ f = 450 MHz 
= 2.5 dB (Typ) @f = 1.0 GHz 
® High Power Gain — 
Gmax = 16 dB (Typ) @ f = 450 MHz 
= 10 dB (Typ) @ f= 1.0GHz 
Excellent Third Order Intercept ~ +25 dBm ( 


Typ) 


PRating mbt [vale | Un 


Total Power Dissipation @ Ta = 25°C 
Derate above 25°C 


| OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(Ic = 1.0 mAdc, Ip = 0) 


Collector-Base Breakdown Voltage 
(Ic = 0.1 mAdc, IE = 0) © 


| Emitter-Base Breakdown Voltage 
{ig = 0.1 mAdc, Ic = 0) 


| Collector Cutoff Current | 
(Vcp = 15 Vdc, IE = 0) 


ON CHARACTERISTICS 
| DC Current Gain 


neo T= [=P 
ne [= P= 
mo | [= = 


‘(Ic = 5.0 mAdc, Vce = 5.0 Vdc) 
DYNAMIC CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(Ic = 15 mAdc, VcgE = 10 Vde, f = 1.0 GHz) 


Collector-Base Capacitance 
(Veg = 10 Vdc, le = 0, f = 1.0 MHz) 


Noise Figure 
(ic = 5.0 mAdc, Vcg = 6.0 Vdc, 
f = 450 MHz) 

(Ic = 5.0 mAdc, VcE 


FUNCTIONAL TEST 
| Unilateralized Gain{1) 
(I¢ = 5.0 mAdc, Veg = 6.0 Vde, 


f = 450 MHz) 
(Ic = 5.0 mAdc, Vcge = 6.0 Vdc, f = 1.0 GHz) 


6.0 Vdc, f = 1.0 GHz) 


|So4|2 
(1-|S44/2) (1-|S22/2) 


| (1) Gmax = 


MOTOROLA RF DEVICE DATA 
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HIGH FREQUENCY 
_ TRANSISTOR | 
NPN SILICON | 


- SEATING 
PLANE 


-»||-<— D 


/ ie 
TN _INY 
LIoaY g sve 


yi PIN 1, EMITTER 
2. BASE. . 
3, COLLECTOR 
“4, CASE. 


Vay 


NOTE: ALL RULES AND.NOTES ASSOCIATED WITH 10-72 
OUTLINE SHALL APPLY. 


MILLIMETERS | INCHES 
|.bim | Min | Max | MN | MAX | 
| sai a4 | 0.200 | 0.20 | 
[452 | 495 [0.178 | 0.198 
432 | 633 | 0170 | 0210. 
T0417 | 053 | 0016 | 002i 
[ —. | ov | — “| o0% 
: a Toh 0016 | 0.019 | 
254BSC_ | O.100BSC__| 
aL oor | 117_| 0036 | 0.028 

a | 122 0.028 | 0,048 
1270 | = {0500 | = 


4 


~~ 

bee fs 080. 
pease [age asc | 

‘a . 4 0.050 BSC 

= 17 T= [0080] 


CASE 20-03 
TO-206AF 
(TO-72) 


RWS Tis (Ce (TlOlnimio co lwolp 


“E-7 tooo bal Poa mae 


-MRF904 


FIGURE 1 — NOISE FIGURE versus FREQUENCY FIGURE 2 — NOISE FIGURE versus COLLECTOR CURRENT 
4.0 ~ 
Vce = 6.0 Vde 
f = 450 MHz 

a _ 3.0 
co ca 
= =o 
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tu utd 
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= oO 
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uw ue 
z = 1.0 
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' : : 0 2.0 4.0 6.0 8.0 10 12° 14 16 18 20 
f, FREQUENCY, (GHz) ic, COLLECTOR CURRENT (mAdc} 


FIGURE 3 — COLLECTOR-BASE CAPACITANCE versus FIGURE 4 — UNILATERALIZED GAIN (Gmax! versus 
FREQUENCY —— 


Gmax, UNILATERALIZED GAIN (dB) 


Ccb, COLLECTOR-BASE CAPACITANCE (pF) 


0 20 40 60 8.0 10 12. «14 16 18 20 0.1 02 0.3 05 O07 1.0 ~20 3.0 7.0 10 
Vep, COLLECTOR-BASE VOLTAGE (VOLTS) f, FREQUENCY (GHz) 
FIGURE 5 — CURRENT-GAIN — BANDWIDTH PRODUCT versus FIGURE 6 — INTERMODULATION DISTORTION versus 


COLLECTOR CURRENT . 
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DIM, INTERMODULATION DISTORTION (dB) 
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ff, CURRENT-GAIN — BANDWIDTH PRODUCT (GHz) 


0 20 40 :60 80 0 12 4 16 8 20 0 2.0 40° = 6.0 8.0 86 «10 2 44 
| tc, COLLECTOR CURRENT (mA) ic, COLLECTOR CURRENT (ma) 
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ee de! a. a TABLE 1—S4_ PARAMETERS ~ 


| Vcc Ie 100 | 500 | 800. 
(volts) | ima) [sit [ce [sn ze se sce see 


10 «| a ae 035 
2.5 
5.0 
10 
15 
30 


Frequency (MHz) 


(Volts) 
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TABLE 3 — S72 PARAMETERS 


Se pet 


| saz | co | saz | co | sez | eo | sez | eo 


MOTOROLA RF DEVICE DATA 
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MOTOROLA 


ae SEMICONDUCTOR mm 
TECHNICAL DATA 


- MRF9O5— 


The RF Line 


| 400 mw its 
RF OSCILLATOR TRANSISTOR 
NPN SILICON | 


NPN SILICON OSCILLATOR TRANSISTOR 


. .. designed for microwave communications relay links and low-cost 
radiosonde service. . 


® Emitter Ballasted 
@ Low Current Density for Improved Lifetime 
@ Collector Connected to Case 


MAXIMUM RATINGS 


ee 
5 


PIN 1. EMITTER 
2. BASE 
3. COLLECTOR 


Total Power Dissipation @ Tc = 100°C 0.75 Watts 


Derate above 100°C. 7 ~. mwerc 


Total Power Dissipation @ Ta = 25°C 0.45 Watts 
Derate above 25°C 2.6 mWw/°C 
Storage Temperature Range — 65 to +200] °c 


THERMAL CHARACTERISTICS 


CASE 26-03 
TO-206AB 
(TO-46) 
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ELECTRICAL CHARACTERISTICS ace 25°C unlass dtherwisé noted), 


OFF CHARACTERISTICS | | , 

Collector-Emitter Breakdown Voltage ee oo a 
(I¢ = 10 mAdc, Ip = 0) 

Collector-Base Breakdown Voltage a en 
(I¢ = 0.1 mAdc, I~ = 0) © 

Emitter-Base Breakdown Voltage . V(BRIEBO fect Re Mare 
(Ig = 0.1 mAdc, Ic = 0) 


Collector Cutoff Current ; ICBO mAdc 
(Vcp = 20 Vdc, I¢ = 0) 
ON CHARACTERISTICS 


DC Current Gain 
(I¢ = 100 mAdc, VcE = 10 Vdc) 


DYNAMIC CHARACTERISTICS. 

Current-Gain — Bandwidth Product fT 2500 MHz 
(Ie = 100 mAdc, Veg = 10 Vde, f = 200 MHz) eee 

Output Capacitance Cob 3.0 5.0 pF 
(Vg = 20 Vac, te = 0, f = 1.0 MHz) | | 


FUNCTIONAL TEST 


Common-Collector Oscillator Output Power 
(Ve =-20 Vdc, l— = 110 mAdc, f = 1.68 GHz) 


1.0 HF, 35 Vde TANTALUM 47 Ohms, 1/4 Watt 

0.1 BF Ceramic Disk ‘510 Ohms, 1/4 Watt 

680 pF Feedthru 1.5 k22, 1/4 Watt 

0.4-6.0 pF JOHANSON P 5 Turns, #22 AWG, 0.125” |.D. 
#20 AWG, 0.4"" Length. 


MOTOROLA RF DEVICE DATA 
2-916 


MOTOROLA 
m= SEMICONDUCTOR mums 


f7 = 5.0 GHz @ 30 mA 

a —— be, pide au tease ane HIGH FREQUENCY 
NPN SILICON HIGH FREQUENCY TRANSISTOR ye 
. . designed primarily for use in high-gain, low-noise tuned and ~ ° ‘NPN SILICON 
wideband small-signal amplifiers. Excellent in high-speed switch- 
ing applications. . a 
® High Current-Gain — Bandwidth Product — 

f7 = 5.0 GHz (Typ) @ f = 1.0 GHz 
@® High Power Gain — , tae 

Gmax = 12.5 dB (Typ) @ f = 1.0 GHz 


MAXIMUM RATINGS 

Collector-Emitter Voltage 

Collector-Base Voltage Spee 
Emitter-Base Voltage 

Collector Current — Peak 


Total Device Dissipation @ Ti = 50°C 
Derate Above 50°C 


Storage Temperature Range 
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a. 
i) 
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SEATING PLANE 


. STYLE 2: 
PIN 1, COLLECTOR 
2. EMITTER 
3, BASE 
4. EMITTER 


NOTE: 
DIMENSION D NOT APPLICABLE IN ZONE N. 


100 
TL, LEAD TEMPERATURE (°C) 


CASE 317-01 


MOTOROLA RF DEVICE DATA 


2-917 


MRF911 


ELECTRICAL CHARACTERISTICS (Te = 25°C unless otherwise noted). 
[Characteristic | Symbol | min | typ | Max | Unit _| 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 


(Ic = 1.0 mAdc, 1g = 0) 

Collector-Base Breakdown Voltage V(BR)}CBO 20 Vde 
(I¢ = 0.1 mAde, IE = 0) | 

Emitter-Base Breakdown Voltage 2.0 a Vde 
(Ie = 0.1 mAdc, Ic = 0) | 
(Vcp = 15 Vdc, IE = 0) 


ON CHARACTERISTICS 


(ic = 30 mAdc, Voce = 10 Vde) 


DYNAMIC CHARACTERISTICS 


Current-Gain Bandwidth Product 
(ic = 30 mAdc, Voge = 10 Vde, f = 1.0 GHz) 


Collector-Base Capacitance 
(Vcp = 10 Vdc, Ie = 0, f = 1.0 MHz) 


FUNCTIONAL TESTS 


Noise Figure 
(Ic = 5.0 mAdc, Vcg = 10 Vdc, f = 1.0 GHz) 
(I¢ = 5.0 mAdc, Vcg = 10 Vde, f = 2.0 GHz) 


Power Gain at Optimum Noise Figure 
(I¢ = 5.0 mAdc, Voge = 10 Vde, f = 1.0 GHz) 
(i¢ = 5.0 mAdc, VcgE = 10 Vde, f = 2.0 GHz) 
Maximum Available Power Gain (1) 
(I¢ = 30 mAdc, VcE = 10 Vdc, f = 1.0 GHz) 
(Ic = 30 mAdc, Vcg = 10 Vde, f = 2.0 GHz) 


e ($9412 
1 oh 
1) Gmax ((1-1S4 414) (-1S 2a!) 
FIGURE 2 — POWER GAIN AND NOISE FIGURE FIGURE 3 — POWER GAIN AND NOISE FIGURE 


versus FREQUENCY versus COLLECTOR CURRENT 
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Gmax, POWER GAIN (dB) 


(9P) SHNDIS-3SION 4N 
G max, POWER GAIN (dB) 
(90) JUNI ASION ‘AN 


(_ ae ae 


f, FREQUENCY (GHz) ic, COLLECTOR CURRENT (mA) 
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: FIGURE 4— $44 PARAMETERS 
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‘MOTOROLA RF DEVICE DATA 
2-919 


MOTOROLA 


m= SEMICONDUCTOR 
TECHNICAL DATA = 3 


- MIRF914 


The RF Line 


fy = 4.5 GHz @ 20 mA 


HIGH FREQUENCY 
TRANSISTOR - 


NPN SILICON HIGH FREQUENCY TRANSISTOR NPN SILICON 


. . designed for applications requiring high-gain, |ow-noise and 
low distortion. Also excellent for high speed switching applications. 


@ Low Noise Figure — 
NF = 2.0 dB (Typ) @ f = 0.5 GHz 
= 2.5 dB (Typ) @ f = 1.0 GHz 
@ High Power Gain ~ | 
~Gmax = 15 dB (Typ) @ f = 0.5 GHz 
= 10 dB (Typ) @ f = 1.0 GHz | 


MAXIMUM RATINGS. 


Total Device Dissipation @ Ty, = 75°C 
Derate Above 75°C 


SEATING 


°C 


| -65 to +200 


STYLE 10: 
PIN 1. EMITTER 
2, BASE 
3. COLLECTOR 
4. CASE 


NOTE: ALL RULES AND NOTES ASSOCIATED WITH TO-72 
OUTLINE SHALL APPLY. 


Cc 


"TMILLIMETERS 


INCHES 


4 


MIN MAX 


MIN. | MAX 


— 


+ 


531. 


5,84 


0.209 | 0.230 | 


+ 


wo l> 


452 | 495 


0.178 | 0.195 


oO 


432 | 5.33 


0.170 


0.210 


+ 


+++ 


041 | 0.53 


0.016 


0.021 


+ 


0.76 


0.030._| 


041 | 


0.48 


0,016 


as: 


0.019 


aa 


2.54 


BoC 


0.100 BSC 


——— 


0.036 | 0.046 


0.91 | 1.17 
0.71 


0,028 


Fl] (Tz lOolnimio 


4 


1.22 


0.048 


= 
lad 
~ 
o 


0.500 


6.35 


— | 0250 | 
BSC 


a 


Pp, POWER DISSIPATION (mW) 


mo eS [re- 


_ CASE 20-03 
TO-206AF 
(TO-72) 


100 
Ta, AMBIENT TEMPERATURE (°C) 


MOTOROLA RF DEVICE DATA 


2-920 


MRF914 


ELECTRICAL Seo acrE es {tee 25°C unless Gthatwise Noted): 
ps Charette 
OFF CHARACTERISTICS | 
Collector-Emitter Breakdown Voltage 
(\¢ = 1.0 mAdc, Ig = 0) 
Collector-Base Breakdown Voltage 
(Ic = 0.1 mAdc, IE = 0) 
Emitter-Base Breakdown Voltage 
(te = 0.1 mAdc, Ic = 0) 
Collector Cutoff Current 
(Vcp = 15 Vde, fe = 0) 
ON CHARACTERISTICS 


_DYNAMIC CHARACTERISTICS 


Current-Gain Bandwidth Product 

(I¢ = 20 mAdc, Veg = 10 Vde, f = 0.5 GHz) 
Collector-Base Capacitance 

(Vcp = 10.Vde, ig = 0, f = 1.0 MHz) 


FUNCTIONAL TESTS 


Noise Figure 
(1c = 5.0 mAdc, Vcg = 10 Vdc, f = 0.5 GHz) 
{Ic = 5.0 mAdc, Vcg = 10 Vde, f = 1.0 GHz) 
Power Gain at Optimum Noise Figure 
(Ic = 5.0 mAdc, Vcg = 10 Vdc, f = 0.5 GHz) 
(Ic = 5.0 mAdc, Vcg = 10 Vdc, f = 1.0 GHz) 
Maximum Available Power Gain (1) 
(Ic = 20 mAdc, Vcg = 10 Vdc, f = 0.5 GHz) 
(1c = 20 mAdc, VcgE = 10 Vde, f = 1.0 GHz) 


S94 \2 
(1)G =e ate ee 
max “(1-187 712) (l-iSga!?) 
FIGURE 2 — POWER GAIN AND NOISE FIGURE FIGURE 3 — POWER GAIN AND NOISE FIGURE 
versus FREQUENCY versus COLLECTOR CURRENT 
ee . 20 T | 
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MOTOROLA RF DEVICE DATA 
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MRF914 


FIGURE 4 — $1_4 PARAMETERS 
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MOTOROLA RF DEVICE DATA 
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MOTOROLA 
= SEMICONDUCTOR se 
TECHNICAL DATA 


- MRF931— 


--LOW CURRENT 


HIGH FREQUENCY | 
TRANSISTOR 


NPN SILICON HIGH-FREQUENCY TRANSISTOR NPACSTCIGON: 


... designed primarily for use in low-power amplifiers to 1.0 GHz. 
Ideal for pagers and other battery operated systems where.low-power: 
consumption is critical. 


® Low-Power Consumption Characterized for 
le =O0.1to10mA - 


@® High Current-Gain — Bandwidth Product — 
f7 = 3.0 GHz (Typ) 


@ Stripline Design for Optimum Performance 


MAXIMUM RATINGS 


°c 
cc 


_ Total Device Dissipation @ Ta = 100°C 
Derate Above 100°C 


Junction Temperature 


3 
ih 


mw/°c 


Collector Current — Peak a a mAdc 


+150 


stg -65 to +150 


Symbol Max 
Rosa | 500 | cw 


SEATING PLANE 


STYLE 2: 
PIN 1. COLLECTOR 
2 EMITTER 
3. BASE 
4, EMITTER 


NOTE: 
DIMENSION D NOT APPLICABLE IN ZONE N. 


Pile a 
MAX 

| A 

| c 


¢ 


Py, TOTAL DEVICE DISSIPATION (mW) 


| D 
| F | 
|G | 
| KI 
| N | 


Ta, AMBIENT TEMPERATURE (°C) 


MOTOROLA RF DEVICE DATA 
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MRF931 


ELECTRICAL CHARACTERISTICS Se" 26°C unless otherwise notedl 


= a A 


OFF aAnacieece 


Collector-Base Breakdown Voltage 
(I¢ = 0.01 mAdc, Ie = 0) 


Emitter-Base Breakdown Voltage V(BR)EBO 
(le = 0.1 mAdc, Ic = 0) 
Collector Cutoff Current | ICBO nAdc 
(Vcp = 5.0 Vde, Ie = 0) 


ON CHARACTERISTICS 


DYNAMIC CHARACTERISTICS 
Current-Gain Bandwidth Product 
; (We = 1.0 mAdc, VcE = 1.0 Vdc, f= 1.0 GHz) 
Collector-Base Capacitance : 
(Veg = 1.0 Vde, Ile =0,f = 1.0 MHz) 
FUNCTIONAL TESTS 
Noise Figure . 
(Ile = 0.25 mAdc, Vcg = 1.0 Vde, f = 0.5 GHz) 
(le = 0.25 mAdc, VcE = = 1.0 Vdc, f = 1.0 GHz) 
Power Gain at Optimum Noise Figure 
(tg = 0.25 mAdc, VcgE = 1.0 Vde, f = 0.5 GHz) 
(iE = 0.25 mAdc, VcgE = 1.0 Vde, f = 1.0 GHz) © 
Transducer Power Gain 
(Ie = 0.5 mAdc, Vcg = 1.0 Vdc, f = 0.5 GHz) 
(te =0.5 mAdc, Veg = 1.0 Vde, f = 1.0 GHz) 


TYPICAL CHARACTERISTICS 


FIGURE 2 — TRANSDUCER POWER GAIN AND NOISE FIGURE 3 — TRANSDUCER POWER GAIN AND NOISE 


_ , FIGURE versus FREQUENCY FIGURE versus EMITTER CURRENT 
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MOTOROLA RF DEVICE DATA 
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MOTOROLA 


aa SEMICONDUCTOR 
TECHNICAL DATA 


| eae -MRF941 
The RF Line MMBR941 
NPN Silicon — MRF9411,L 
Low Noise, High-Frequency — 


Ic = 50 mA 


Transistors - Pe, a. 3 | LOW NOISE 
-< be aad sn = . HIGH FREQUENCY 
... designed for use in high gain, low noise small-signal amplifiers. This series features . TRANSISTORS 


excellent broadband linearity and is offered in a variety of packages. . 


@ Fully Implanted Base and Emitter Structure 

® 9 Finger, 1.25 Micron Geometry with Gold Top Metal 

e Gold Sintered Back Metal . 

@ Tape and Reel Packaging Options Available 

@ Surface Mount Packages Available in Both Standard and Low Profiles 5 

CASE 317-01, STYLE 2 
MACRO-X 
MRF941 


MAXIMUM RATINGS 


CASE 318-05, STYLE 6 
SOT-23 - 
MMBR941 


CASE 318B-03, STYLE 1 
SOT-143 
MRF9471,L 


Thermal Resistance, ~ 
_ Junction to Ambient 
DEVICE MARKING | 


MMBR941 = 7Y 
MRF9411,L = 10 ; 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 


Characteristic Symbol Min . Typ | Max =| Unit 
OFF CHARACTERISTICS(3) ts 


Collector-Emitter Breakdown Voltage (Ic = 0.1 mA, Ip = 0) 
Collector-Base Breakdown Voltage (Ic = 0.1 mA, le = 0) 
Emitter Cutoff Current (Veg = 1 V, Ic = 0) 


Collector Cutoff Current (Vcp = 10 V, Ip = 0) 
ON CHARACTERISTICS(3) 


DC Current Gain (Vce = 6V, Ic = 5 mA) _ ee ee ee 


DYNAMIC CHARACTERISTICS 

Collector-Base Capacitance (VcB = 10 V, le = 0, f = 1 MHz) 
Current Gain — Bandwidth Product (Vcg = 6 V, Ic = 15 mA, f = 1 GHz) 
NOTES: 1. To calculate the junction temperature use Ty = Pp x Raja + TAMBIENT- 


2. ic — Continuous (MTBF ~ 10 years) 
3. Pulse width < 300 us, duty cycle <= 2% pulsed. 


MOTOROLA RF DEVICE DATA 
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MRF941, MMBR941, MRF9411,L 
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Figure 2. DC Current Gain versus Collector Current. 
Figure 4. Insertion Gain versus Collector Current 


TYPICAL CHARACTERISTICS 
MOTOROLA RF DEVICE DATA 
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PERFORMANCE CHARACTERISTICS 
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MRF941, MMBR941, MRF9411,L 


FORWARD INSERTION GAIN AND 
MAXIMUM UNILATERAL GAIN versus FREQUENCY 
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Figure 7. Noise Figure and Associated Gain 
versus Frequency 


Figure 8. Noise Figure versus Collector Current 


RF OUTPUT 


RF INPUT 


_**SLUG TUNER = *BIAS 


NETWORK 


*BIAS —_**SLUG TUNER 


NETWORK 


a] *HP11590B 


_ **MICROLAB/FXR 
SF — 11N < 1 Ghz 


‘ _ Shee . SF ~ 31IN >= 1 
Figure 9. Functional Circuit Schematic ae 
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MRF941, MMBR941, MRF9411,L 


MRF9O41__— 
COMMON EMITTER S-PARAMETERS 


MOTOROLA RF DEVICE DATA 
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MRF941, MMBR941, MRF9411,L 


| MMBR941 | 
COMMON EMITTER S-PARAMETERS 


VcE |- 
’ (Volts) 


| MOTOROLA RF DEVICE DATA 
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MRF941, MMBR941, MRF9411,L 


 MRF94114,L0 
COMMON EMITTER S-PARAMETERS 


(Volts) © (mA) 


100 
200 
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600 
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MOTOROLA RF DEVICE DATA 


“9.930 


=a SEMICONDUCTOR 


‘MOTOROLA 
TECHNICAL DATA 


The RF Line | 

NPN Silicon 

Low Noise, High- Frequency 
Transistors" | 


ee designed for use in high gain, low noise small-signal amplifiers. This series features . 


excellent broadband linearity and is offered in a variety of packages. 


® Fully implanted Base and Emitter Structure 

@ 18 Finger; 1.25 Micron Geometry with Gold Top. Metal 

® Gold Sintered Back Metal — 

© Tape and Reel Packaging Options Available 

® Surface Mount Packages Available in Both Standard and Low Profiles 


MAXIMUM RATINGS 


Collector-Base eoueas . 


Tuas 


Emitter-Base Voltage 


Power Dissipation|1) 


Collector Current — Gominiauel 


Maximum Junction Temperature | 


Storage Temperature 


OFF CHARACTERISTICS(3) 


MRF951_ 
‘MMBR951 
‘MRF9511,L 


Ic = 100 mA- 
LOW NOISE 
HIGH FREQUENCY 

TRANSISTORS 


CASE 317-01, STYLE 2 
MACRO-X 


CASE 318-05, STYLE 6 
SOT-23 
MMBR951 — 


CASE 318B-03, STYLE 1 


SOT-143 
MRF9511,L 


Collector-Emitter Breakdown Voltage (Ic = 0.1 mA, |B = 
Collector-Base Breakdown Voltage (Ic = 0.1 mA, Ig = 0) 
-1V, Ice = 0) 

10 Vy Ip = 


V(BR)CEO 


Emitter Cutoff Current (Veg = 


Collector Cutoff Current (VcB = 


ICBO 
ON CHARACTERISTICS(3) : 


[snes Ja [ap = [ve 
Tteso | [=| en 
el ee 


‘DC Current Gain (VcE = 6 V, Ic = 5 mA) | 
DYNAMIC CHARACTERISTICS | | 


Collector-Base Capacitance (VeB = 10 V, le = 0,f = 1 MHz) 


Current Gain(4) — Bandwidth Product (VcE = 8 V; Ic = 30 mA, f = 1 GHz) 


NOTES: 1. Case Temperature is measured on the collector lead where it first contacts 1 printed circuit board closest to the package. To calculate the. 


junction temperature use Tj = Pp x Rese + TCASE: 
2. Ic — Continuous (MTBF ~ 10 years) 
3. Pulse width < 300 us, duty cycle = 2% pulsed. 


MOTOROLA RF DEVICE DATA 
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-MRF951, MMBR951, MRF9511,L 


MOTOROLA RF DEVICE DATA 
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MRF951, MMBR951, MRF9511,L 


TYPICAL FORWARD INSERTION GAIN AND 
MAXIMUM UNILATERAL GAIN versus FREQUENCY 
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Figure 5. MRF951, MRF9511,L00 Figure 6. MIMBR951,L 
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Figure 7. Typical Noise Figure and Associated Gain — Figure 8. Typical Noise Figure 
versus Frequency | m versus Collector Current 
VCE - 6 Vde 
RF OUTPUT 
RF INPUT **SLUG TUNER = *BIAS 
*BIAS **SLUG TUNER NETWORK 
NETWORK 
= *HP11590B 
**MICROLAB/FXR 
SF. — 11N < 1 GHz 


SF - 31IN = 1 GHz 


Figure 9. Functional Circuit Schematic 


MOTOROLA RF DEVICE DATA 
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MRF951, MMBR951, MRF9511,L 


MRF951- 
TYPICAL COMMON EMITTER S-PARAMETERS 


(continued) 


MOTOROLA RF DEVICE DATA 


2-934 


MRF951, MMBR951, MRF9511,L 


MRF951 
_ TYPICAL COMMON EMITTER S-PARAMETERS (continued) 


‘MOTOROLA RF DEVICE DATA 
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MRF951, MMBR951, MRF9511,L 


MMBR951 
_.- COMMON EMITTER S-PARAMETERS 


MOTOROLA RE DEVICE DATA 


2-936 


MRF951, MMBR951, MRF9511,L 


_ MRF9511,L 
TYPICAL a eae EMITTER S-PARAMETERS 


(continued) 


MOTOROLA RF DEVICE DATA 


2-937 


MRF951, MMBR951, MRF9511,L 


Sg _MRF9511,L | 
TYPICAL COMMON EMITTER S-PARAMETERS (continued) 


MOTOROLA RF DEVICE DATA 


2-938 


MOTOROLA 
as SEMICONDUCTOR EEE 
TECHNICAL DATA 


TheRFLine  —_— a NMRE966 
N-Channel Dual-Gate GaAs = 23 #&#| MRFC966_ 
Field-Effect Transistor | 


... depletion mode dual-gate MES FET designed for high frequency amplifier 
P g g CAE Sey ae N-CHANNEL 


and mixer applications. DUAL-GATE 
® Excellent Receiver Front End | GaAs FIELD-EFFECT 


@ Low Noise Figure — NF = 1.2 dB, 1 GHz (Typ) 

®@ High Power Gain — Gp = 17 dB, 1 GHz (Typ) 

@ Low Reverse Transfer Capacitance — Crgg = 40 fF (Typ) 
® High Transconductance — gm = 20 mS (Typ) | 

® Fully Characterized ‘ 

® Gold Metallization 


TRANSISTOR 


MAXIMUM RATINGS 


MRF966 
CASE 317-01, STYLE 1 


Drain Current — Continuous 


Total Power Dissipation @ Ta = 25°C ~ 
Derate above 25°C 


CHIP 
MRFC966 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


ee 


OFF CHARACTERISTICS 


Drain-Source Breakdown Voltage 
(VGis = VG2s = —4.5 Vdc, Ip = 


V(BR)DSX 
100 pA) 


Gate 1-to-Source Cutoff Voltage (Vps = 5 Vdc, VGas = 0, 
Ip = 500 A) 


Gate 2-to-Source Cutoff Voltage (Vps = 5 Vdc, Vgis = 0, VG2S(off) 22 —4.5 Vde 
Ip = 500 pA) 
aes mea 


Gate 1 Leakage Current (VG1s = —5 Vde, VG2s = Vps = 0) IG1iss a 


ON CHARACTERISTICS 


Zero-Gate Voltage Drain Current . 
(Vps = 5 Vdc, Vg1s = VG2s = 9) 


SMALL-SIGNAL CHARACTERISTICS 


Transconductance Oo 
(Vps = 5 Vdc, Vg2s = 0, Ip = 10 mA, f = 1 kHz) 


Input Capacitance 


VG1S(off) ~2 ~4.5 Vde 


(Vps = 5 Vdc, Vg2g = 0, Ip = 10 mA, f = 1 MHz) 


Reverse Transfer Capacitance 
(Vps = 


Handling and Packaging — MES devices are susceptible to damage from electrostatic charge. ; (continued) 
Reasonabie precautions in handling and packaging MES devices should be observed. " 


MOTOROLA RF DEVICE DATA 
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MRF966, MRFC966 


FUNCTIONAL CHARACTERISTICS 


Noise Figure(1) . 
(Vps = 5 Vde, VG2s = 0, Ips = 10 mA, f = 1 GHz) 


Common Source Power Gain(1) 

(Vps = 5 Vdc, Va2s = 0, Ips = 10 mA, f = 1 GHz) 
Intermodulation Distortion | 

(Vps = 5 Vdc, Ipg = 10mA, - 

fy = 995 MHz, f 2 = 1001 MHz, Vq2 = 0, Pin = 


Linear Power Point(2) 
(Vps = 5 Vdc, Ipg = 10 mA, 
fy = 995 MHz, fo = 1001 MHz, VG2 = 0) 


Output Power at 1 dB Compression Point 
(Vpg = 5 Vdc, lpg = 10 mA, f = 1 GHz) 


NOTES: 

1. Data taken using a 50 2 test fixture, Microlab SF31N slug tuners, HP11590B bias networks and the HP8370A or Eaton 2075 noise figure meter. 
Note: VGas = 0. Refer to Figure 11. 

2. The linear power point is the output power level at which either the signal 2f; + fg or 2f2 + f; are 30 dB below fj or fo. 


TYPICAL CHARACTERISTICS 
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MOTOROLA RF DEVICE DATA 
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MRF966, MRFC966 


TYPICAL CHARACTERISTICS 


Gps, POWER GAIN (dB) 


500 ~=——«*1000 
- f, FREQUENCY (MHz) 


Figure 5. Power Gain and Noise Figure 
versus Frequency 


Pout, OUTPUT POWER (dBm) 


3 30 B08 ) 
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Figure 7. Output Power versus Input Power 
@ 500 MHz 
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Figure 9. Third Order Intermodulation Distortion 
@ 500 Miiz 
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_ Gax, MAXIMUM AVAILABLE GAIN (dB) 


21500". 2000 2500 


— f, FREQUENCY (MHz) 


-. Figure 6. Maximum Available Gain and Stability 
Factor versus Frequency 
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Figure 8. Output Power versus Input Power @ 1 GHz 
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Figure 10. Third Order intermodulation Distortion 
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MOTOROLA RF DEVICE DATA 


2-941 


K, STABILITY FACTOR 


MRF966, MRFC966 


COMMON SOURCE S-PARAMETERS 


v [sd dC 
Ee eee ee 


MOTOROLA RF DEVICE DATA 


2-942 


MRF966, MRFC966 


RF OUTPUT 


SLUG TUNER BIAS 
BIAS aw A ee 
TEE a : 


Figure 11. 1 GHz Test Circuit Schematic. 


TYPICAL CHARACTERISTICS - 


Gne | NF 
(dB) | (dB) | © FMS NFopt 


3 ML NFopt 
450 | 20 | 06 0.82 /21° 0.80 /11° 
1000 | 17 | 1.2 0.74 /21° 0.77 /12° 


Figure 12. Source and Load Impedance for Optimum . 
Noise Figure 


MRFC966 Chip Topography 


. ATE 1 |  o 
ee as Nominal Chip Size: 0.017” x 0.020” x 0.005” 
Drain/Source Bond Pad: 0.003” x 0.004” 
Gate 1/Gate 2 Bond Pad: 0.0035” x 0.0035” 
DRAIN- 


GATE 2 


MOTOROLA RF DEVICE DATA 


2-943 


MOTOROLA 


aa SEMICONDUCTOR = 
TECHNICAL DATA 


MRF1000MA 
MRF1000MB 
MRF1000MC 


The RF Line __ 


0.7W 960-1215 MHz 


CLASS A/AB 
MICROWAVE POWER 
TRANSISTORS 


MICROWAVE PULSE POWER TRANSISTORS 


... designed for Class A and AB common emitter amplifier 
applications in the low-power stages of IFF, DME, TACAN, radar 
transmitters, and CW systems. 


@ Guaranteed Performance @ 1090 MHz, 18 Vdc — Class A 
Output Power = 0.2 Watt 
Minimum Gain = 10 dB 


@ 100% Tested for Load Mismatch at All Phase Angles 
with 10:1 VSWR 


@ Industry Standard Package 
@ Nitride Passivated 


@ Gold Metallized, Emitter Ballasted for Long Life and 
Resistance to Metal Migration 


© Compatible with Other 1000M Types 
@ Internal Input Matching for Broadband Operation 


NPN SILICON 


MRF1000MA NOTES: 


1. DIM 1S DATUM. 
CASE 332-04 2. POSITIONAL TOLERANCE FOR LEADS. 


Ce] 07610030) @®lifa @] 

3. ET] IS SEATING PLANE, 

4. DIMENSION K APPLIES TWO PLACES. 

5, DIMENSIONING AND TOLERANCING PER ANSI Y 14.5, 
1973. 


nna) NY 


=) 
i=J 
= 


MILLIMETERS INCHES 
MIN | MAX | MIN’ | MAX. | 
686 | 7 0.270 | 0.300 


(Led 
“] 


6.10 60 | 0.240 | 0.260 
16.26 ; 0.640 | 0.660_| 
| 0.195 | 0.205 
0.055 | 0.065 
0.105 | 0.170 
0.055 | 0.065 
0.003 | 0.007 
0.600 - 
0.035 if 0.105 
45° Nom 
_| 0.180 | 0.245 
0.115 | 0.145 


STYLE 2: 
_ PIN 1. EMITTER 
2. BASE 
3. EMITTER 
4, COLLECTOR 


Sg er 


ela) lx ielacimtmgiola 


MAXIMUM RATINGS 


Total Device Dissipation @ Tc = 25°C (1) 
Derate above 25°C 
| MRF1000MB tors: 
Te “4, DIM [A-] 1S DATUM, 
CASE 332A-01 2. POSITIONAL TOLERANCE FOR LEADS: 
- [4To76 (0030) Ol TTA @ | 


3 1S SEATING PLANE. 
‘4. DIM K APPLIES 2 PLACES. 


{1 5. DIMENSIONING AND TOLERANCING PER ANSI Y14.5, 
: 1973. 
MILLIMETERS INCHES 
S MIN, | MAX [ MIN [| MAX | 


(1) These devices are designed for RF operation. The total device dissipation rating. — 
applies only when the devices are operated as RF amplifiers. a 


(2) Thermal Resistance is determined under specified RF operating conditions by 
infrared measurement techniques. a 


1685 | 7.34 | 0.270 | 0.290 
330 | 381 | 0.130 | 0,150 
521 | 0.195 


0.205 
0.070 | 


[140 [7178 | 0.085 
0.08 | ofe | 0003 |- 0.007 | 
524 | — |} of | — 
241 | 267 | 0.095 | 0.105 | 
45°NOM | 45° NOM 


, NOTES: 
MRF1000MC 1. DIMENSIONS R AND U ARE DATUMS AND TIS A 
= ae DATUM SURFACE AND SEATING PLANE. ; 
CASE 361A-01 axe 2. POSITIONAL TOLERANCE FOR MOUNTING HOLES: 


$] 6028 0015 @[ tT] u @]a @] 
3, DIMENSIONING AND TOLERANCING PER ANSI Y145, 
1973. 


STYLE 2: 
PIN 1. EMITTER 
2. BASE 
3. EMITTER 
4, COLLECTOR 


MILLIMETERS; INCHES 


= 


— 


— 


STYLE 2: 
PIN 1. COLLECTOR 
2. BASE 
3. EMITTER 


—=‘¢ 


J 


a 


i 
QS |VIO[S RK [rao ie [> 
+ 


. 0.240 0.260 
20.57 {0.790 Toato 
14.27 BSC 0.562 BSC 


ran 


MOTOROLA RF DEVICE DATA 


2-944 


MRF1000MA, es MRF1000MC | 


ELECTRICAL CHARACTERISTICS Bliss 25°C unless otherwise noted) 


a 


OFF CHARACTERISTICS 
Collector-Emitter Breakdown Voltage © V(BR)CEO. 
(Ic = 5.0 mAdc, ip = 0) 
Collector-Emitter Breakdown Voltage . V(BR)CES _ 
(Ic = 5.0 mAdc, Vpe = 0) | 


_Collector-Base Breakdown Voltage 
(I¢ = 5.0 mAdc, IE = 0) 


Emitter-Base Breakdown Voltage 
(IE = 1.0 mAde, Ic = 0) 


| Collector Cutoff Current» 
(Vcp = 20 Vdc, Ie = 0): 


ON CHARACTERISTICS 


| DC Current Gain. 
(Ic = 100 mAdc, VCE = 5.0 Vdc) 


DYNAMIC CHARACTERISTICS 


Output Capacitance 
(Vcp = 28 Vdc, Ie = 0, f = 1.0 MHz) 


FUNCTIONAL TESTS 


Common-Emitter Power Gain — Class A 
(VcE = 18 Vdc, Ic = 100 mAdc, f = 1090 Mkz, Poyt = 200 mW) 


Common-Emitter Power Gain — Class AB 
(VcE = 18 Vdc, Icq = 10 mAdc, f = 1090 MHz, Pout = 0.7 W) 


Load Mismatch — Class A No Degradation in Power Output 
(VcE = 18 Vdc, Ic = 100 mAdc, f = 1090 MHz, Poy; = 200 mW, 
VSWR = 10:1 All Phase Angles) 


_ FIGURE 1 ~ 1090 MHz TEST CIRCUIT 


C1, C2, C3, C7, C8, C10 — 220 pF ATC 100 mil 3 , OCullecter Biaeinpus 
C4, C9 — 4.7 uF 50 V Tantalum 
C5, C6 — 0.8- 8 pF Johanson #7290 


21-210 — Distributed Microstrip Elements 


Base Bias Input 90 


— See Figure 8 
Board Material — 0.031" Thick Teflon-Fiberglass 
€, = 2.56 
Z9 
RF. 
RFE Output 
Input C10 
Cc a ; 
Class AB Bias Control Circuit Class A Constant Current Bias Control. Circuit 


18 V Output I¢g 10 MA Nominal | | I. = 100 mA, Va. = 18 V. 


Cc CE 
O +28 V Input 


+18 V Input : R2 C1 
10 WF _ 11k = 20 
, 1/2W - 


4 +18 V Collector Bias 
C2 Output to Point C 


me 


+18 V Collector Bias 
Output to Point C. 


330 0.1 UF. 50 V 
1/2 W = 50V 
Base Bias Output 
to Point B 3 Base Bias Output 
10 0.1. uF : R5 to Point B 
Wa = 50V 18 k 


MOTOROLA RF DEVICE DATA 
2-945 


MRF1000MA, MRF1000MB, MRF1000MC 


FIGURE 2 — OUTPUT POWER versus INPUT POWER ._ FIGURE 3 — OUTPUT POWER versus FREQUENCY 
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FIGURE 6 — COMMON-EMITTER S-PARAMETERS AND SERIES EQUIVALENT INPUT/OUTPUT IMPEDANCES 


+j50 SERIES EQUIVALENT IMPEDANCES 
Pout = 0.5 W, Veg = 18 Vde, 
log = 10 mAdc, Class AB 


3.0 + j9.0 
3.2+j10 
2.8 + j12 


*Zoz = Conjugate of the optimum load impedance 
into which the device output operates at a 
given output power, voltage, and frequency. 


"ye 


\_ 4 
C4 
ae 


S-PARAMETERS — Veg = 18 Vde, Ic = 100 mAdc, Class A 


Coordinates in Ohms 


MOTOROLA RF DEVICE DATA 
2-946 


MRF1000MA, MRF1000MB, MRF1000MC 


FIGURE 7 — 1090 MHz TEST AMPLIFIER © 


FIGURE 8 — PRINTED CIRCUIT BOARD 
LAYOUT — 1090 MHz TEST CIRCUIT 


CLASS A BIAS NETWORK 


AMPLIFIER 


MRF 1000M c+) 


NOTE: The Printed Circuit Board shown is 75% of the original. 


MOTOROLA RF DEVICE DATA 
2-947 


MOTOROLA 


TECHNICAL DATA 


MRF1002MA 
MRF1002MB 
 MRF1002MC 


The RF Line 


 2.0WPEAK 960-1215 MHz 


MICROWAVE POWER 
TRANSISTORS 


NPN SILICON . 


MICROWAVE PULSE POWER TRANSISTORS | 


... designed for Class B and C common base amplifier applications 
in short and long pulse TACAN, IFF, DME, and radar transmitters. 


@ Guaranteed Performance @ 1090 MHz , 35 Vdc 
Output Power = 2.0 Watts Peak 
Minimum Gain = 10 dB 


@ 100% Tested for Load Mismatch at All Phase Angles 
with 10:1 VSWR . 


@ industry Standard Package. 
@ Nitride Passivated : ie . 
@ Gold, Metallized, Emitter Ballasted for Long Life and 
Resistance to Metal Migration © ~~ 
@ Compatible with Other 1002M Types | 
® Internal Input Matching for Broadband Operation 


MRF1002MA NOTES: 
1. DIM 1S DATUM. 
CASE 332-04 2. POSITIONAL TOLERANCE FOR LEADS. 
[1 0761.03) @[t[e ©] 
3. FF] IS SEATING PLANE. - 
4. DIMENSION K APPLIES TWO PLACES. 


5, DIMENSIONING AND TOLERANCING PER ANSI Y 14.5, 
1973. 


ul) 


MILLIMETERS INCHES | 
[MIN [MAX 
T0270 | 0.300 


{0.240 {| 0260_| 
0.640 _| 0.660 


pn 


a 


l 


STYLE 1: 
PIN 1. BASE 
2. EMITTER 
3. BASE 
4, COLLECTOR 


MAXIMUM RATINGS 


Vde 


Total Device Dissipation @ Tc = 25°C (1) 
Derate above 25°C. ae 


MRF1 002MB ea 1S DATUM. 


CASE 332A-01 2. POSITIONAL TOLERANCE FOR LEADS: 
[4]0.76 (0.030) ®[t]a @ ] 
3. IS SEATING PLANE. 
4, DIM K APPLIES 2 PLACES, 
5, DIMENSIONING AND TOLERANCING PER ANSI Y145, 
1973. 


Characteristic ae 
Thermal Resistance, Junction to Case (2) 


(1) These devices are designed for RF operation. The total device dissipation rating 
applies only. when the devices are operated as RF amplifiers. Seg Sad ee 
(2) Thermal Resistance is. determined under. specified RF operating conditions by - 
infrared measurement techniques. tate g? AE hs 


MILLIMETERS 


2 
= 


baits ph ae, ee NOTES: a , ; 
MRF1002MC » nae _ 1, DIMENSIONS R AND 'U ARE DATUMS AND TIS A 
DATUM SURFACE AND SEATING PLANE, 
CASE 361A-01 : 2. POSITIONAL TOLERANCE FOR MOUNTING HOLES: 
4 [4038/0015 ®[tlu @[r @] 
_ DIMENSIONING AND TOLERANCING PER ANSI Y145, 
1973 


Sic lx lain la l> 
4 


STYLE 1: 
PIN 1. BASE 


2. EMITTER 
i : 3, BASE 
4. COLLECTOR 


MILLIMETERS | _ INCHES 
MIN | MAX 


g 
= 


[0278 [0.286 
§.20 | 0.175 | 0.205 | 
[0.093 [0107 | 
0.055 | 0.070 
10.105 | 0.136 
0.004 | 0.006 
\o4a5 [| — | 
[ano | 
| { oiz0 [0136 | 
609 | 666 | 0.240 | 0.260 
20.06 | 2057 | 0.790 | 0810_| 
14.27 BSC 0,562 BSC 


+ 


<ic [|p [Sa |e [alm lo lo | 


STYLE 1: 
PIN 1. COLLECTOR 
2, EMITTER 
3. BASE 


he 


MOTOROLA RF DEVICE DATA 


2-948 


MRF1002MA, MRF1002MB, MRF1002MC 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage | 
(ic = 5.0 mAdc, Ip = 0) 


‘Collector-Emitter Breakdown Voltage 
(Ic = 5.0 mAdc, Veg = 0) 


Collector-Base Breakdown Voltage 
(Ic = 5.0 mAdc, IE = OQ) 


_ Emitter-Base Breakdown Voltage 
(Ile = 1.0 mAdc, Ic = 0) 


Collector Cutoff Current 
(VcR = 35 Vde, Ig = 0) 


ON CHARACTERISTICS 


DC Current Gain 
(I¢ = 100 mAdc, Vcg = 5.0 Vdc) 


DYNAMIC CHARACTERISTICS 


Output Capacitance 
(Vcp = 35 Vdc, Ie = O,f=1 0 MHz) 


FUNCTIONAL TESTS (Pulse Width = 10 ys, Duty Cycle = 1.0%) 


Common-Base Amplifier Power Gain 
(Vcc = 35 Vde, Poyt = 2.0 W pk, f = 1090 MHz) 


Collector Efficiency 
(Vcc = 35 Vde, Pout = = 2.0 W pk, f = 1090 abe 


pe 
el a a a Maal 
Sad alt Bl als Seal 
we 
Sel 


Load Mismatch . No Degradation in Power Output 
(Vcc = 35 Vdc, Poyt = 2.0 W, f = 1090 MHz | 
VSWR = 10:1 All Phase Angles) 


FIGURE 1 — 1090 MHz TEST CIRCUIT 
i g 
, = C2 C3 C4 = 
34 3 i ge oh 1 
pur SEL : aoe 
at | 


C1, C3 — 220 pF Chip Capacitor, 100 mil ATC 
C2 — 20 uF/50 Vdc Electrolytic 
C4 — 0.1 uF Erie Redcap 


L1, L2 — 2 Turns #18 AWG, 1/8” ID 
21-214 — Distributed Microstrip Elements — See Figure 9 


Board Material — 0.031" Thick Teflon-Fiberglass, 
€;= 2.56 — 


MOTOROLA RF DEVICE DATA 
2.949 


MRF1002MA, MRF1002MB, MRF1002MC 


FIGURE 2 — OUTPUT POWER versus INPUT POWER 7 FIGURE 3- OUTPUT POWER versus FREQUENCY 
0 
| See. a as = 
sat ai oie lea ‘Aree oa a Ga 
7 a i a 2S oo (ae es es 
eo Fea GR 4 29 a Ce Ge as 
: Ce eee, EF ee ee 
2 Eb Aeon coed te ee 
5 uA Vee =35V: > 1.5 
3 Eee pe ci ne ne es ee a 
24, 24 a ee (ed a 
| eb tp Ee i es 
i: Oh a ae a a a a . ee ae (a ed 
0 40 80 120 160 200 960 1090 1215 
Pin, INPUT POWER (mW pk) {, FREQUENCY (MHz) 


FIGURE 4 — OUTPUT POWER versus SUPPLY VOLTAGE FIGURE 5 — POWER GAIN versus FREQUENCY 


(ee ee ee. es eee 


Pout = 2.0 W pk 


i 4 4 Voc = 35V 

J 15- p= 1% _ he 

= f = 1090 MHz ao es 

a 213 

S =a ae Cae aR | (a 
21, oo 
= nT 

ae 3 

Fr 2 12 

© a 
5 a 

30.5 ras) 

o 


10 
0 5.0 10 15 20 25 30 35 40 960 1090 1216 
Voc, SUPPLY VOLTAGE (V) f, FREQUENCY (MHz) 


FIGURE 6 — SERIES EQUIVALENT INPUT/OUTPUT IMPEDANCE 


Veco = 35 Vde, 
tp= 10 us, D = 1.0% 


f Be et SOL Ao 
MHz hee Ohms Ohms 
Pout = 2 W pk P. 70.2 W pk 


960 | 15.5+j165| 20+j32.5] 25+j21 
1090 15+ j20 25 + j34 
1215 | 14+j27 | 33.54j42.5| 37+ j32.5 


*Zg = Conjugate of the optimum load impedance 
into which the device output operates at a 
given output power, voltage and frequency. 


=] 
Coordinates in Ohms 


~j50 


MOTOROLA RF DEVICE DATA 
2-950 


MRF1002MA, MRF1002MB, MRF1002MC 


FIGURE 7 — 1090 MHz TEST AMPLIFIER 


FIGURE 8 — TYPICAL LONG PULSE PERFORMANCE 


f= 1090 MHz 


| © MRFIOC2M 


TEST CIRCUIT 


NOTE: The Printed Circuit Board shown is 75% of the original. 


MOTOROLA RF DEVICE DATA 
2-951 


MOTOROLA | 
i SEMICONDUCTOR Eas MRF1004MA 


MRF 1004MB 


TECHNICAL DATA 
MRF1004MC 


| The RF Line ; | 


7 4.0W = 960-1215 MHz 
MICROWAVE PULSE POWER TRANSISTORS 


MICROWAVE POWER 
TRANSISTORS 


NPN SILICON 


. designed for Class B and C common base amplifier applications 
in short and long pulse TACAN, IFF, DME, and radar transmitters. 


@ Guaranteed Performance @ 1090 MHz , 35 Vdc 
Output Power = 4.0 Watts Peak 
Minimum Gain=10dB 


@- 100% Tested for Load Mlomatcl at All Phase Angles 
~ * with 10:1 VSWR 


@ Industry Standard Package 
-. @ Nitride Passivated 


@ Gold Metallized, Emitter Ballasted for hand. Life and 
Resistance to Metal Migration 


 @ Compatible with Other 1004M Types — 
@ Internal Input Matching for Broadband Operation 


MRF1004MA NOTES: = . 
_. 4, OIM[-B-] IS DATUM, 
CASE 332-04 2. POSITIONAL TOLERANCE FOR LEADS. 
FT 076 (0.030) @[ tle @] 
3. FT] IS SEATING PLANE, 
4, DIMENSION K APPLIES TWO PLACES. 


5. DIMENSIONING AND TOLERANCING PER ANSI Y 14.5, 
1973. 


[MILLIMETERS [INCHES 
MIN. | MAX | MIN [MAX 
6.86 7.62 0.270 0.300 
[eio | 660 | 0.240 | 0.260 
16.26 | 1676 | 0.640 | 0.660 
495 | 521 | 0.195 | 0.205 
140 | 1.85 {0.055 | 0.066 
STYLE 1: 32 | 0.105 | 0.170 
PIN 1, BASE 65 | 0.055 [0.065 
2. EMITTER , 0.08 [018 | 0.003 | 0.007 

3, BASE [15.24 | 9.600 {  — 
4, COLLECTOR 241 | 267 | 0.095 |” 0.105 

: 45° Nom 
0,tg0 [0.245 
0.145 


= 
= 


T 


Ty 


MAXIMUM, RATINGS 


Collector-Base Voltage VcBo <a 
Collector-Current — - Continuous a 


Total Device Dissipation @ "e 25°C (1) Watts 
Derate above 25°C we a ; 
Storage Temperature ange - ~—65 to +150 8 ie Ss 


THERMAL CHARACTERISTICS _ | MRF1004MB (TS 


1. DIM IS DATUM. 


7 | CASE 332A-01 2, POSITIONAL TOLERANCE FOR LEADS: 
Characteristic +1076 (0.030) ©] TA © | 
. [JIS SEATING PLANE, 
Thermal Resistance, Junction to Case (2) ae 


. DIMENSIONING AND TOLERANCING PER ANSI Y14.5, 
(1) These devices are designed for RF operation. The total device dissipation rating 1973. 
applies only when the devices are operated as RF amplifiers. : : ; 


|_MILLIMETERS | __ INCHES 

MIN | MAX | MIN | MAX 
6.85 | 734 | 0.270 0.20 

3.30 | 381 | 0.130 0.150 | 
L495 | 5.21 | 0195 | 0.205 
“1.40 | 178 [0.055 | 0.070 
0.08 | 0.18 | 0.003 | 0007 
15.24 |. — | 0600 | — 

[241 | 267 | 0.095 | 0.105 
45° NOM 45° NOM 


(2) Thermal Resistance is determined under specified RF operating conditions by 
infrared measurement techniques. 


NOTES: 


MRF1004MC 1. DIMENSIONS R AND U ARE DATUMS AND TIS A 
DATUM SURFACE AND SEATING PLANE 


CASE 361A-01 ee ee _ 2. POSITIONAL TOLERANCE FOR MOUNTING HOLES: 

i ae 4 [00.38 (0015) @]t]u @[r@] . 
_ DIMENSIONING AND TOLERANCING PER ANSI Yia5, |= 
1973. |. ce STYLE 1: 

. PIN 1, BASE 

MILLIMETERS INCHES , 
m_[ MIN a min [MAX] si ; ee 
A 7.06 . 7.26 0,278 0.286 | Ff - ; 
c | aa | 520 [0175 | 0.205 A COLE OH 
D 2.36 271 _|_ 0,093 0.107 
E 139-| 1.77 | 0055 | -0.070 
F_|_268 | 342 | 0.105 | 0.135 
J {~010-| 0.15 | 0.004 | 0.008 
K 
M 
Q 
R 
u 


ef 


r 


STYLE 1: 
PIN 1. COLLECTOR 
2. EMITTER 
3. BASE 


| to | — | 043 [ — 


45°NOM__|__ 45° NOM 


304 | 342 | 0120 | 0135 | ; | 


Hea 


609 | 666 | 0.240 | 0,260 
{20.06 | 20.57 | 0790 | oso | 
v 1427 BSC 0,562 BSC 


aA 


MOTOROLA RF DEVICE DATA 


2-952 


MRF1004MA, MRF1004MB, MRF1004MC 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 


[emia [ae [te [eo 


OFF CqARACTERISTICE 


Collector-Emitter Breakdown Voltage 
(ic = 5.0 mAdc, Ig = O) 


Collector-Emitter Breakdown Voltage 
- (I¢ = 5.0 mAdc, Vee = 0) 


Collector-Base Breakdown Voltage 
-(I¢ = 5.0 mAdc, IE = 0) 


Emitter-Base Breakdown Voltage 
(le = 1:0 mAde, Ic = OQ) 


Collector Cutoff Current 
(Vcpg = 35 Vdc, Ig =O) 


ON CHARACTERISTICS 


DC Current Gain 
(1Qa= 75 mAdc, Ve _ = 5.0 Vde) 


DYNAMIC CHARACTERISTICS 


Output Capacitance 
(Vcp = 35 Vdc, Ie = 0, f = 1.0 MHz) 


FUNCTIONAL TESTS (Pulse Width = 10 us, Duty Cycle = 1.0%) | 


Common-Base Amplifier Power Gain — . 
(Vcc = 35 Vdc, Poyt = 4.0 W pk, f = 1090 MHz) 


Collector Efficiency 
(Vcc = 35 Vdc, Pout = 4.0 W. ok, f = 1090 MHz) 
Load Mismatch | ~ No Degradation in Power Output 
(Veg = 35 Vde, Pg = 4.0WW pk, #= 1090 MH | a Vat wre . 
VSWR = 10:1 All Phase Angles) 


VieRIGES 


FIGURE 1. 1090 MHz TEST CIRCUIT 


Te. a 
Vee = 35 Vde 

RF RF 

“INPUT OUTPUT 


L1, L2 — 3 Turns #18 AWG, 14" ID 

C1 — 0.1 uF 

C2, C4 — 520 pF Chip Capaciter 

C3 — 20 uF, 50 V Electrolytic 

Board Material — 0.031” Thick Glass Tefion 

21-Z6 Distributed Microstrip Elements — See Figure 9 


MOTOROLA RF. DEVICE DATA 
2-953 


MRF1004MA, MRF1004MB, MRF1004MC 


FIGURE 2 — OUTPUT POWER versus INPUT POWER | | FIGURE 3 — OUTPUT POWER versus FREQUENCY 


8.0 


Pout OUTPUT POWER (W pk) 
Pout, OUTPUT POWER (W pk) 
a 
[ow] 


2.5 : 4.0 
150 - 250 350 450 - 550 650 960 1090 1215 
Pin, INPUT POWER (mW pk) f, FREQUENCY (MHz) 
FIGURE 4 — OUTPUT POWER versus SUPPLY VOLTAGE: __ FIGURE 5 — POWER GAIN versus FREQUENCY 
«5.0 


ee a a ea 

Hs ad 

Seo 

a 

Pode de |i 

Pi, = 400 mW pk 
tp = 10 us 


Resa 

| || ae 

aa iz f= 1090 MHz 
2 


Pout OUTPUT.POWER (W pk) - 
— oe 
eto ese ead 
Gpg, POWER GAIN (dB) 


N\ 


ES has 


BERR eaERS 
BERENS ee 


ze 


ae 
aa eee 
ie HB 


Vcc, SUPPLY VOLTAGE (V) 


IN 


+j10 


| 
IM 
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a CS output operates at a given output power, voltage and frequency. 
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-- MOTOROLA RF DEVICE DATA 
2-954 


MRF1004MA, MRF1004MB, MRF1004MC 


FIGURE 7 — 1090 MHz TEST AMPLIFIER © 


FIGURE 8 — TYPICAL LONG PULSE PERFORMANCE 


D= 


FIGURE 9 — PRINTED CIRCUIT BOARD LAYOUT — 1090 MHz TEST CIRCUIT 


—- MRFIOO4M 
@O  CRR eo 


_NOTE: The Printed Circuit Board shown is 75% of the original. 


MOTOROLA RF DEVICE DATA 
2-955 


MOTOROLA 
= SEMICONDUCTOR oxy - MRF1008MA 


TECHNICAL DATA MRF1008MB 
MRF1008MC 


The RFLine si | 


8.0W PEAK 960-1215 MHz 


MICROWAVE POWER 
TRANSISTORS 


MICROWAVE PULSE POWER TRANSISTORS NPN SILICON 


; designed for Class B and C common-base amplifier applications 
in short and long pulse TACAN, IFF, DME, and radar transmitters. 


@ Guaranteed Performance @ 1090 MHz, 35 Vdc 
_ Output Power = 8.0 Watts Peak 
-Minimum Gain = 10 dB 


100% Tested for. Load Mismatch at All Phase 2 Angles: 
- with 10:1 VSWR : 


Industry Standard Package 


MRF1008MA gor, 
CASE 332-04 1. DIM [:8-]1$ DATUM. 


2, POSITIONAL TOLERANCE FOR LEADS. 
[+ [0.760.030 @[t[e @] 
3. FT] IS SEATING PLANE. 
4, DIMENSION K APPLIES TWO PLACES. 
5, DIMENSIONING AND TOLERANCING PER ANSI Y 145, 
1973, 


Nitride Passivated” 


- @ Gold Metallized, Emitter Ballasted for Long. Life and 
. Resistance to Metal Migration = > 


“Compatible with Other 1008M Types — | 
.-@ ‘Internal Input Matching for Broadband Operation Aa 


STYLE 1: 
"PIN 1. BASE 

2. EMITTER 

3. BASE 

4. COLLECTOR 


MAXIMUM RATINGS 


[otenreniervetewe vero | 20 
Collector-Base Voltage oe ‘ a eeu, Pt eee 
| Collector-Current. — Continuous = ree 

Total Device Dissipation @ To= 25°C a 


Derate above 25°C : i eeu 


Storage Temperature Range: “65 to +150 aaa 


Emitter-Base Voltage : 


1. DIM IS DATUM. 
CASE 332A-01 © 2. POSITIONAL TOLERANCE FOR LEADS: 
3, [-T-J]1S SEATING PLANE, 
~ 4-DIM K'APPLIES 2 PLACES, 
5, DIMENSIONING AND TOLERANCING PER ANS! Y145, 


MRF1008MB wis 
THERMAL CHARACTERISTICS 
Characteristic a 
Thermal Resistance, Junction to Case (2) 


(1) These devices are designed for RF operation: The total device dissipation rating 
applies only when the devices are operated as RF amplifiers. 


(2) Thermal Resistance. is determined. under ‘Specified RF: ‘operating conditions by 
infrared measurement i techniques. : 


: Rpt ON ee ge i NOTES: ae oe 
MRF1008MC ppt Be ear 1 DIMENSIONS RAND U ARE DATUMS AND T1S A 
aS creer eam - ve ‘DATUM SURFACE AND SEATING PLANE, . 
CASE 361A-01 ae as ee 2, POSITIONAL TOLERANCE FOR noun HOLES: 
ae 7 ed ees ~ 4] o 038 0015 ®[7[u @]R ©] 


3. DIMENSIONING AND TOLERANCING ai ANSI 14. 5, 


45° NOM 


STYLE 1: 


4, COLLECTOR 


MILLIMETERS ae a: i aie 
MIN | MAX | MIN 3, BASE 
7.06 [Ma J ie 


nN 
a 


eo to fe 

bee 

Fag pe] 
ico o 
c=] —_ 
b= Pn 
cn 
Sio|ojo|o|o 
io io | NS 
SiO oo 
BS fs t=" 


PIN 1. COLLECTOR 
2. EMITTER 
3. BASE 


[ou 
54 
an pe) 
a 
o 
Sod 
ts 
[oJ 
= 
io 


14.27 BSC 0.562 BSC 


‘MOTOROLA RF DEVICE DATA 


2-956 


MRF1008MA, MRF1008MB, MRF1008MC 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) — | Se ty eet 
fp Characteristic | Symbot | min | tye | Max | Unit_| 
OFF CHARACTERISTICS | — = 


Collector-Emitter Breakdown Voltage 
(Ic = 5.0 mAdc, Ig = O) 


Collector-Emitter Breakdown Voltage 
(I¢ = 5.0 mAdc, Vee = 0) 


Collector-Base Breakdown Voltage 
(I¢ = 5.0 mAdc, Ig = O) 


Emitter-Base Breakdown Voltage. 
“(Ie = 1.0 mAde, Ic = 0) 


Collector Cutoff Current 
(Vcp = 35 Vdc, IE = 0) . 
ON CHARACTERISTICS 


DC Current Gain | 
(Ii¢ = 150 mAdc, VcE = 5.0 Vdc) 


DYNAMIC CHARACTERISTICS 


Output Capacitance 
(Vcp = 35 Vdc, Ie = O, f = 1.0 MHz) 


FUNCTIONAL TESTS (Pulse Width = 10 us, Duty Cycle =1%) 


Common-Base Amplifier Power Gain 
(Vcc = 35 Vde, Pout = 8.0 W Peak, f = 1090 MHz) 


Collector Efficiency . 
(Vcc = 35 Vdc, Pout = 8.0 W Peak, f = 1090 MHz) 


Load Mismatch . . "No Degradation in Output Power 
(Voc = 35 Vdc, Pout = 8.0 W Peak, f = 1090 MHz, a 
VSWR = 10:1 All Phase Angles) 


FIGURE 1 — 1090 MHz TEST CIRCUIT 


RF Output 


RF Input 


C1, C2 — 220 pF 100 mil Chip Capacitor L1, L2 — 3 Turns #18 AWG, 1/8” ID- 
C3 — 0.1 uF. 
C4 — 10 uF/50 V Electrolytic Capacitor 


21 — 28 — Microstrip, See Photomaster 


Board Material — 0.031’ Glass Teflon, €, = 2.5 


MOTOROLA RF DEVICE DATA 
2-957 


MRF1008MA, MRF1008MB, MRF1008MC 


. FIGURE 3— 


OUTPUT POWER versus INPUT POWER 


FIGURE 2 


OUTPUT POWER versus FREQUENCY 
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FIGURE 5 — POWER GAIN versus FREQUENCY 


FIGURE 4 — OUTPUT POWER versus SUPPLY VOLTAGE 


SLLVM)YSMOd LNdLno Mg 


f, FREQUENCY (MHz) 


~~ Veg, SUPPLY VOLTAGE (VOLTS) 


FIGURE 6 — SERIES EQUIVALENT INPUT/OUTPUT. IMPEDANCES 


450. 


=35V. 


Vee 


Py =.8.0 W pk 


which the device operates at a given output 


Conjugate of the optimum load impedance into 
power, voltage, and frequency. 


*ZOL 


| {50 
Coordinates in Ohms 


“MOTOROLA RF DEVICE DATA 


2-958 © 


MRF1008MA, MRF1008MB, MRF1008MC 


FIGURE 7—1090 MHz TEST AMPLIFIER 


FIGURE 8— TYPICAL LONG PULSE PERFORMANCE 


Pout = 8-0 W peak 
Veco = 35 Vv 

tp = 1 ms 

D= 10% 

f = 1090 MHz 


FIGURE 9—PRINTED CIRCUIT BOARD LAYOUT—1090 MHz TEST CIRCUIT 


MRFI008M 
1090 MHZ 
TEST CIRCUIT 


NOTE: The Printed Circuit Board shown is 75% of the original. © Soldered Eyelet 


MOTOROLA RF DEVICE DATA 
2-959 


MOTOROLA | 


TECHNICAL DATA MRF1015MB 
MRF1015MC 


The RF Line | 7 15 WPEAK 960-1215 MHz 


MICROWAVE POWER 
TRANSISTORS 


MICROWAVE PULSE POWER TRANSISTORS 


oe SS NPN SILICON 
. designed for Class B and C common base amplifier applications vaeuaed 
in short and long pulse TACAN, IFF, DME, and radar transmitters. 


@ Guaranteed Performance @ 1090 MHz, 50 vee 
Output power = 15 ‘Watts Peak 
Minimum Gain = 10 dB 


100% Tested for Load Mismatch a at All plese Angles, 
with 10:1 VSWR 


MRF1015MA NOTES: 


= 1. DIM IS DATUM. 
CASE 332-04 2. POSITIONAL TOLERANCE FOR LEADS. 


(4 [| 076003) @liTa @) 

3. FE] IS SEATING PLANE. 

4, DIMENSION K APPLIES TWO PLACES. 

5. DIMENSIONING AND TOLERANCING PER ANSI Y 14.5, 
1973. 


ut) 


Industry Standard Package 


MILLIMETERS INCHES 

MAX | MIN | MAX 
7.62_ | 0.270 | 0.300 
6.60 0.240 0.260 
16.76 | 0.640 | 0.660 
5.21 {0.195 | 0.205 
1.65 | 0,055 | 0,065 
432} 0.105 | 0.170 
1.65 | 0.055 | 0.065 
0.18 | 0.003 | 0.007 
S 0.600 = 
2.67 | 0.095 | 0.105 
45° Nom 


6.22, | 0.180 | 0.245 | 
368; 0.115 | 0,145 


= 
= 


aw) ))) 


Nitride Passivated | 


a 


O;1ol|> 


Gold Metallized; EMitter Ballasted for Long Life and 
Resistance to Metal Migration 


Compatible with Other 1015M Types 2 eS : he PN BASE 
. : 2, EMITTE 


Internal Input. Matching for Broadband operat ae ae . 1 COLLECTOR 


oz lei [x | |zlinim|o 


MAXIMUM RATINGS 


CeatasorEnieervotage | Vess | 0 
eas a 


Collector-Current — Continuous | 


Total Device Dissipation @ Tes 25°C a) 
Derate above 25°C 


. MRF1015MB ‘NOTES: 
1. 01M [oA] 1S DATUM, 
CASE 332A- 01 2 posiioNAL TOLERANCE FOR LEADS: 


THERMAL CHARACTERISTICS ine z a | © Tenn @ lao] 


3. IS SEATING PLANE. 
Characteristic Symbol 4. DIM K APPLIES 2 PLACES. 
Thermal Resistance; Junction to Case (2) Rec 


5, DIMENSIONING AND TOLERANCING PER ANSI Y14.5, 
973. 
(1) These devices are designed for RF operation. The total device dissipation rating 
applies only when the devices are operated as RF amplifiers. 
(2) Thermal Resistance is determined under specified RF operating conditions by 
infrared measurement techniques. 


Storage Temperature Range _ oy 


MILLIMETERS INCHES _| 
MIN | MAX [MIN | MAX 
685 | 7.34 | 0.270 | 0.290 
330 | 387 | 0130 | 0.150 
495 | 5.21 | 0.195 | 0.205 
140. [| 178 | 0.055 | 0.070 
00g | 0.18 | 0003 | 0.007 
1524 | — | 0600 | — 
241 | 267 | 0.095 | 0.105 
45° NOM 45° NOM 


OTS: 


MRF1015MC ee a “1. DIMENSIONS R AND U ARE DATUMS AND TIS A. 


ZjHjxle|nlolo|>|S 


fg DATUM SURFACE AND SEATING PLANE, 
CASE 3614-01 me —- - 2 POSITIONAL TOLERANCE -FOR MOUNTING HOLES: 
[+] 60.38 0.015 ®[t[U @[k-@]. 


"3, DIMENSIONING AND TOLERANCING PER ANS| YM, 
1973. po dae STYLE 1: 


MILLIMETERS __INCHES PIN ; Spee 
MAX | MIN |. MAX ae 

7.26 | 0.278 | 0.286 

5.20 | 0.175 | 0.205 4, COLLECTOR 
271_{ 0.093 | 0.107 
in| 0.055 | 0.070 | 
342 | 0.105 | 0.135 
0.15 | 0.004 | 0,006 


STYLE 1: 0435 | — a li 
PIN 1, COLLECTOR sts y 45° NOM | 


2, EMITTER 2 [0.120 | 0.135 = 
3, BASE 0.240 | 0.260 


20.06 20.57 0.790_ | 0.810 
14.27 BSC 0.562 BSC 


7 


MOTOROLA RF DEVICE DATA 


2-960 


MRF1015MA, MRF1015MB, MRF1015MC 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 


Characteristic 


_ OFF CHARACTERISTICS 
Collector-Emitter Breakdown Voltage . ; V(BR)CES Vde . 
(I¢=10mAdc, VpE=0) oo | 
Collector-Base Breakdown Voltage | | ‘V(BR)CBO 
(Ic = 10 mAdc, Ig = 0) _ 


Emitter-Base Breakdown Voltage ‘Viprieso 
(l— = 1.0 mAdc, Ic = 0). . 

Collector Cutoff Current 
(Vcp = 50 Vdc, Ie = 0) | 

ON CHARACTERISTICS 


DC Current Gain 
- (I¢ = 250 mAdc, VcE = 5.0 Vdc) 


DYNAMIC CHARACTERISTICS 


Output Capacitance 
(VcB = 50 Vdc, Ie = 0, f = 1.0 MHz) 


FUNCTIONAL TESTS (Pulse Width = 10 us, Duty Cycle = 1%) 


Common-Base Amplifier Power Gain 
(Vcc = 50 Vdc, Pout = 15 W Peak, f = 1090 MHz) 


Collector Efficiency _ 
(Vcc = 50 Vdc, Pout = 15 W Peak, f= 1090 MHz) 


Load Mismatch 3 b No Degradation in Power Output 
(Vcc = 50 Vdc, Pout = 15 W Peak, f = 1090 MHz) , 
(VSWR = 10:1 All Phase Angles) 


FIGURE 1 — 1090 MHz TEST CIRCUIT 


50 Vde 
RF Input C1 RF Output 
C28 tO 


C1, C2 — 220 pF 100 mil Chip Capacitor - 
C3 — 0.1 uF 
C4 — 47 yF/75 V Electrolytic Capacitor 
L1,L2 — 3 Turns #18 AWG, 1/8” 1D 
Z1-Z8 — Microstrip, See Photomaster, Figure 8 
Board Material — 0.032” Glass Teflon 
i 2.5 


MOTOROLA RF DEVICE DATA 
2-961 


MRF1015MA, MRF1015MB, MRF1015MC 


FIGURE 3 — OUTPUT POWER versus FREQUENCY 


FIGURE 2 — OUTPUT POWER versus INPUT POWER 
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FIGURE 5 — POWER GAIN versus FREQUENCY 


FIGURE 4 - OUTPUT POWER versus SUPPLY VOLTAGE 
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FIGURE 6 — SERIES EQUIVALENT INPUT/OUTPUT IMPEDANCES 


= 50V 
1% 


15Wpk Vcc 
=10us D 


tp 


Pout 


Conjugate of the optimum load impedance 
into which the device output operates at a 
given output power, voltage and frequency. 


"ZOL 
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Coordinates in Ohms 


MOTOROLA RF DEVICE DATA 


2-962 


MRF1015MA, MRF1015MB, MRF1015MC 


FIGURE 7 — 1080 MHz TEST AMPLIFIER 


FIGURE 8 — PRINTED CIRCUIT BOARD LAYOUT — 1090 MHz TEST CIRCUIT 


fe) 


MREIOISM ee 


1090. MHZ 
TEST CIRCUIT 


fo) Soldered Eyelet. : - a 
© 4-40 Screw Placement . 


NOTE: The Printed Circuit Board shown is 75% of the original: 


MOTOROLA RF DEVICE DATA 
2-963 


MOTOROLA | | 


MRF 1035MB 


TECHNICAL DATA 


35 W PEAK — 960-1215 MHz 


The RF Line 


MICROWAVE POWER 
TRANSISTORS 


NPN SILICON 


MICROWAVE PULSE POWER TRANSISTORS 


.. . designed for Class B and C common-base amplifier applications 
in short and long pulse TACAN, IFF, DME, and radar transmitters. * 


@ Guaranteed Performance @ 1090 MHz, 50 Vde 
Output Power = 35 Watts Peak 
Minimum Gain = 10 dB 


@ 100% Tested for Load Mismatch at All Phase Angles 
with 10:1 VSWR 


Industry Standard Package 
Nitride Passivated 


Gold Metallized, Emitter Ballasted for Long Life and 
Resistance to Metal Migration 


® Compatible with Other 1035M Types 
Internal Input Matching for Broadband Operation 


MRF1035MA nots: 
CASE 332-04 1. IM B-] IS DATUM. 


2. POSITIONAL TOLERANCE FOR LEADS. 
[4 [_ 076 (0.030) @[t]8 @] 

3, ET] IS SEATING PLANE. 

4, DIMENSION K APPLIES TWO PLACES. 

5, DIMENSIONING AND TOLERANCING PER ANSI Y 14.5, 
1973. 


MILLIMETERS | ___ INCHES 
MIN | MAX 
0,270 | 0.300 


2 
= 


STYLE 1: 
PIN 1. BASE 
2. EMITTER 
3. BASE 
4. COLLECTOR 


1 ae ae | 
° 


Cle |S [ro ls Ce mo [ola | |e 


MAXIMUM RATINGS a4 : 
[ Collector-Emitter Voltage | Vces | 80 
| Collector-Base Voltage | <Vcpo | 80 |e 
Emitter-Base Voltage , | Vepo | 4.0 | | | 


| Total Device Dissipation @ Tc = 25°C(1) 35 |. Watts 
Derate above 25°C 200 — mw/c 


MRF1035MB NOTES: 


Storage Temperature Range as -65 to +150 
; ; 1. DIM IS DATUM. 


THERMAL CHARACTERISTICS. Se CASE 332A-01 2. POSITIONAL TOLERANCE FOR LEADS: 
aaeeee [4 [0.76 0.030) ® [tT @ | 
3, IS SEATING PLANE. 
4, DIM K APPLIES 2 PLACES. 
5. DIMENSIONING AND TOLERANCING PER ANSI Y14.5, 
1973. 


(1) These devices are designed for RF operation. The total device dissipation rating — 
applies only when the devices are operated as RF amplifiers. os a . 

(2) Thermal Resistance is determined under specified RF operating conditions by — 
infrared measurement techniques. . oF 


MILLIMETERS INCHES 

MAX 
0.290 
0.150 
0.205 
0.070 
0.007 


= 
= 


Sie [le [no lo l> 


MRF1035MC | Nores 


_ DIMENSIONS R AND U ARE DATUMS AND TIS A 
DATUM SURFACE AND SEATING PLANE. 
CASE 361A-01 _ POSITIONAL TOLERANCE FOR MOUNTING HOLES: 
4 [6038 0.015 ®[t]u @ [rk @ | 

. DIMENSIONING AND TOLERANCING PER ANSI Y145, 
1973. 


co) 


STYLE 1: 
PIN 1. BASE 


MILLIMETERS INCHES 
MIN [MAX | 
0.278 | 0.286 
0.175 | 0.205 
0.093 [0.107 
0.055 | 0.070 
0.105 | 0.136 
0,004 | 0.006_| 
0435 | — 

45° NOM 
0.120 | 0.136 
0.240 | 0.260 
0.790 [ 0.810 
14.27 BSC 0.562 BSC 


2. EMITTER 
3, BASE 
4, COLLECTOR 


STYLE 1: 
PIN 1. COLLECTOR 
2. EMITTER 
3. BASE 


<!o [230 [= Re [n\n lo Joo > |B 


i 


‘MOTOROLA RF DEVICE DATA 


92-964 


MRF1035MA, MRF1035MB, MRF1035MC 


ELECTRICAL SU ARACTERISTICS (Tc = 25°C unless otherwise noted) 


Rodis oo 


OFF CHARACTERISTICS 
Collector-Emitter Breakdown Voltage | V(BR)CES 
(Ic = 20 mAdc, VpeE = 0) 


(I¢ = 20 mAdc, Ig = 0) + 
Emitter-Base Breakdown Voltage . 
(I— = 2.0 mAdc, Ic = 0) 
Collector Cutoff Current ~ 
(Vog = 50 Vde, Ie = 0) 


ON CHARACTERISTICS 


DC Current Gain 
(I¢ = 500 mAdc, VcE = 5.0 Vdc) 


DYNAMIC CHARACTERISTICS 


Output Capacitance 
(Vop = 50 Vdc, Ie = 0, f = 1.0 MHz) 


FUNCTIONAL TESTS (Pulse Width = 10 us, Duty Cycle = 1%) 


. Common-Base Amplifier Power Gain 
(Vcc = 50 Vdc, Poyt = 35 W Peak,.f = 1090 MHz) 


Collector Efficiency 


(Voc = 50 Vdc, Pout = 35 W Peak, f = 1090 MHz) 
Load Mismatch a No Degradation in Output Power 
(Vcc = 50 Vde, Poyt = 35 W Peak, f = 1090 MHz, : 
VSWR = 10:1 All Phase Angles) 


FIGURE 1 — 1090 MHz TEST CIRCUIT 


RF Input RF Output 


C1 


C1, C2 — 220 pF.100 mil Chip Capacitor Z1—Z10 — Microstrip, See Photomaster — 
C3 — 0.1 WF ' Board Material — 0.031" Glass Teflon 

C4 — 10 wF/75 V Electrolytic €R = 2.5. 

L1, L2 — 3 Turns #18 AWG, 1/8” ID , 


- MOTOROLA RF DEVICE DATA 
2-965 


FIGURE 3 — OUTPUT POWER versus FREQUENCY 


FIGURE 2 


MRF1035MA, MRF1035MB, MRF1035MC 
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FIGURE 5 — POWER GAIN versus FREQUENCY 
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FIGURE 6 — SERIES EQUIVALENT INPUT/OUTPUT IMPEDANCES 
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2-966 — 


MRF1035MA, MRF1035MB, MRF1035MC 


FIGURE 7 — 1090 MHz TEST AMPLIFIER 


FIGURE 8 
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— PRINTED CIRCUIT BOARD LAYOUT — 1090 MHz TEST CIRCUIT 


‘TEST CIRCUIT. 


© Soldered Eyelets 


NOTE 
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75%, of the or 
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it Board shown i 
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MOTOROLA RF DEVICE DATA 


2-967 


OTOROLA 


M 
m= SEMICONDUCTORS 
TECHNICAL DATA 


~The RF Line 


MICROWAVE PULSE POWER TRANSISTORS — 


... designed for Class B and C common base amplifier applications 
in short pulse TACAN, IFF, and DME transmitters. 


@ Guaranteed Performance @ 1090 MHz, 50 Vde 
Output power = 90 Watts Peak 


Minimum Gain = 8.4 dB 


100% Tested for Load Mismatch at All Phase Angles 
with 10:1 VSWR 3 


Industry Standard Package 


@ Nitride Passivated 


® Gold Metallized for Long Life and Resistance to | 
Metal Migration | 


@ Compatible with Other 1090M and 1075M Types 
e 


Internal Input Matching for Broadband Operation 


MAXIMUM RATINGS 


Symbot_|_vetue [Unie 


Vdc | 
Emitter-Base Voltage _ Vde 


Collector-Current — Peak (1) se 
Peak Device Dissipation @ Tc = 25°C (1) (2) Watts 


290 
Derate above 25°C 1.66: W/°C 
Storage Temperature Range -65 to +150. 


THERMAL CHARACTERISTICS —- 


ci 
a. 
a 


Thermal Resistance, Junction to Case (3) Rejc ee ee 


. (1) Pulse Width = 10 us, Duty Cycle = 1%. ; 

(2) These devices are designed for RF operation. The total device dissipation rating applies 
only when the devices are operated as RF short pulse amplifiers. a aa 

(3) Thermal Resistance.is determined under specified RF operating conditions by infrared |- 
measurement techniques. Seo a a 


NOTES: 
1. DIMENSIONS R AND U ARE DATUMS AND T IS A 
DATUM SURFACE AND SEATING PLANE. 
2. POSITIONAL TOLERANCE FOR MOUNTING HOLES: 
(41036 001 @[t]u @]R @ | 
3, DIMENSIONING AND TOLERANCING PER ANSI Y145, 
1973 


MRF10S90MC 
CASE 361A-01 


MILUMETEAS INCHES 


1.77_| 0.055 
3.42 | 0.105 


STYLE 1: 
PIN 1. COLLECTOR 
2. EMITTER 
3. BASE . 


3.04 | 342 
6.09 6.66 
20.06 | 20.57 


0.120 
0.240 


0.260 — 
0.790 


MOTOROLA RF DEVICE DATA 
2-968 


70 
[eno | #0 [vee] 


Symbol | Mex | Unit 


MRF1090MA 
MRF1090MB 
MRF1090MC 


90 W PEAK, 960-1215 MHz 


MICROWAVE POWER 
_ TRANSISTORS 


NPN SILICON 


MRF1090MA nor: 
CASE 332-04 1. DIM [-B-] IS DATUM. 


2. POSITIONAL TOLERANCE FOR LEADS. 

- [47 076 (0037 OTe © 

3. FT] 1S SEATING PLANE. 

4, ‘DIMENSION K APPLIES TWO PLACES. 

5, DIMENSIONING AND TOLERANCING PER ANSI Y 14.5, 
1973. 


STYLE 1: 
-. PIN 1, BASE 
2, EMITTER 
3. BASE 
4. COLLECTOR 


NOTES: 
1. DIM 1S DATUM. 
2. POSITIONAL TOLERANCE FOR LEADS: 
3, IS SEATING PLANE. 
4, DIM K APPLIES 2 PLACES. 
5. DIMENSIONING AND TOLERANCING PER ANSI Y145, 
1973. 


MRF1090MB 
CASE 332A-01 


SZ 


MILLIMETERS 


INCHES 


MIN 


MAX 


0.270 


0,290 


0.130 
0.195 


0.150 
0,205 


0.055 


0.070 


0.003 


0.007 


0.600 _| 


0.095 _| 


STYLE 1: 
PIN 1. BASE 
2. EMITTER 
3. BASE 


4, COLLECTOR 


0.105 


45° NOM 


MRF1090MA, MRF1090MB, MRF1090MC 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 


Characteristic 
OFF SHARACTERIETICE ‘ 
Collector-Emitter Breakdown Voltage 
- (l¢ = 25 mAdc, Vee = O) . 

Collector-Base Breakdown Voltage _ 
(Ie = 25 mAdc, I—e = 0) | 
Emitter-Base Breakdown Voltage 
(Ig = 5.0 mAdc, Ic = 0) 
Collector Cutoff Current: 
_ (Vop = 50 Vdc, IE = 0). 
ON. CHARACTERISTICS 
DC Current Gain* | 
(Ic = 2.5 Adc, Vcg = 5.0 Vdc) 
DYNAMIC CHARACTERISTICS 
Output Capacitance — 
(Vcp =50 Vdc, Ig = 0, f24 0 MHz) 
FUNCTIONAL TESTS (Pulse Width = 10 us, Duty Cycle = 1.0%) 
Common-Base Amplifier Power Gain 
(Vec = 50 Vde, Poyt = 90 W pk, f = 1090 MHz) 
Collector Efficiency 
(Vec = 80 Vdc, Poyt = 90 W pk, f= 1090 MH2) 
Load Mismatch J eS - No Degradation in Power Output 
(Voc = 50-Vde, Pout = 90 W pk, f= 1090 MHz) _ — 
VSWR = 10:1 All Phase Angles) - 


* 80 us Pulse on Tektronix 576 or equivalent. 


FIGURE 1 — 1090 MHz TEST CIRCUIT 


50 Vde 
RF RF 
Input Output 


C1, C2 — 220 pF Chip Capacitor, 100-mil ATC 

C3 — 0.1 uF 

C4 — 47 uF, 75V | 

L1,L2 — 3 Turns, #18 AWG, 1/8” ID 

Z1-Z9 — Distributed Microstrip Elements — See Figure 9 

‘Board Material — 0.031” Thick Glass Teflon, 
=2.5 


MOTOROLA RF DEVICE DATA 
2-969 


MRF1090MA, MRF1090MB, MRF1090MC 


FIGURE 2 — OUTPUT POWER versus INPUT POWER 


FIGURE 3 — OUTPUT POWER versus FREQUENCY 


f, FREQUENCY (MHz) 


Pin, INPUT POWER (WATTS pk) 


FIGURE 4 — OUTPUT POWER versus SUPPLY VOLTAGE 


FIGURE 5 — POWER GAIN versus FREQUENCY ~ 
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FIGURE 6 — SERIES EQUIVALENT INPUT/OUTPUT IMPEDANCE 


= 50V 
D=1% 


10 us 


Pour 90 Wek Vcc 
th 


tio 


ve 


i 
H 


Conjugate of the optimum load impedance 


‘Zon 


_ into which the device output operates at a 
_ given output power, voltage and frequency. 


Coordinates in Ohms 


~ MOTOROLA RF DEVICE DATA 


2-970 


MRF1090MA, MRF1090MB, MRF1090MC 


MRFIO90M. 
TEST CIRCUIT 


© Soldered Eyelet 
: © 4-40 Screw Placement | 
_ NOTE: The Printed Circuit Board shown is 75% of the original. 


| | MOTOROLA RF DEVICE DATA. 
2-971 | | 


MOTOROLA 
a SEMICONDUCTOR 


TECHNICAL DATA a | MRF1150M 


The RF Line _ 


150 W PEAK, 1020-1150 MHz 


MICROWAVE POWER 
— FRANSISTOR 


NPN SILICON 


MICROWAVE PULSE POWER TRANSISTOR 


... designed for Class BandC common base amplifier applications 
in short pulse TACAN, IFF, and DME transmitters. 


@ Guaranteed Performance @ 1090 MHz, 50 Vdc 
Output Power = 150 Watts Peak 
Minimum Gain = 7.8 dB 


100% Tested for Load Mismatch at All Phase Angles with 
10:1 VSWR _ 


Industry Standard Package _ 

Nitride Passivated 

Gold Metallized for Long Life and Resistance to Metal Migration © 
Compatible with Other 1150M Types 

Internal Input and Output Matching for Broadband Operation 


MAXIMUM RATINGS 
. Rating 


STYLE 2: 

-PIN 1, COLLECTOR 
2, EMITTER 
3, BASE 


Peak Device Dissipation @ Tc = 25°C (1, 2) 
Derate above 25°C 
_ NOTES: 
"1, DIMENSIONS A, B AND R ARE DATUMS. 
2. POSITIONAL TOLERANCE FOR MOUNTING HOLES: 


POSITIONAL TOLERANCE FOR LEADS: 
3. IS BOTH A SEATING PLANE AND A DATUM 


SURFACE. 
_ 4, DIMENSIONING AND TOLERANCING PER ANSI Y14.5, 


(1) Pulse Width = 10 us, Duty Cycle = 1%. 
(2) This device is designed for RF operation. The total device dissipation rating applies 
only when the device is operated as an RF short pulse amplifier. ge, oe 
(3) Thermal Resistance is determined under specified RF operating conditions by infrared’ _ 
measurement techniques. one as rs ee 


MILLIMETERS. [INCHES 


0.76 | 0.020 | 0.030 
1.65 | 0.055 | 0.065 


0,650 BSC 


Ti 0.070 
0.100 _| 


CASE 336-03 


-MOTOROLA RF .DEVICE DATA 


2-972 


MRF1150M 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 


Characteristic 


OFF F CHARACTERISTICS 


Collector-Emitter Breakdown Voltage - 
(Ic = 50 mAdc, Vge = 0) 


Collector-Base Breakdown Voltage © 
-(l¢ = 50 mAdc, Ig = 0) 


Emitter-Base Breakdown Voltage 
(le = 5.0 mAde, Ic’ = 0) 


Collector Cutoff Current 
(VcB = 50 Vdc, Ig = 0) 
ON CHARACTERISTICS 
DC Current.Gain* 
(Ic = 5.0 Adc, Vcg = 5.0 Vde) 
FUNCTIONAL TESTS (Pulse Width = 10 ys, Duty Cycle = 1.0%) 


Common-Base Amplifier Power Gain 
(Vcc = 50 Vde, Poyt = 150 W pk, f= 1090 MHz) 


Collector Efficiency | 
(Vec = 50 Vdc, Pout = 150 W pk, f = 1090 MHz) 


‘Load Mismatch . se | No Degradation in Power Output: 
(Vcc = 50 Vde, ee = 150 W pk, f = 1090 MHz, 
VSWR = 10:1 All Phase Angles) 


*80 us Pulse on Tektronix 576 or equivalent. 


FIGURE 1 — 1090 MHz TEST CIRCUIT 


C1, C2 — 150 pF 
C3 — 0.1 nF/100 V 
C4 — 47 uF/75 V, Electrolytic 
Z1-Z15 — Distributed Microstrip Elements 
- Board Material — 0.0031” Thick Teflon-Fiberglass 


ep = 2.55. 


MOTOROLA RF DEVICE DATA 
2-973 


MRF1150M 


FIGURE 2 — OUTPUT POWER versus INPUT POWER FIGURE 3 — OUTPUT POWER versus FREQUENCY. 
280,-— : 3 7 , 250 se fat aah | 
; Ea i aa Able hele ot ee ere 
a ea ra Gh 77, Bee eee 
a aes ol 2a cc a Oa EO Ps cae 
Sere hoe i E ee ; 
= = ee ae ee ee ee 
err ae eae = 1501. bi 
ie We al A Maen eee eee 
ry ees Ee eae 7 oe re ee eee ee oe ee 
-°L_ | [ve [| | 5 100 = Fae aa 0 
a te =e [fit j++ ett 
he a 7, ae ee ee see ee Pee ee ee 
a ay 7a a a ae eta meen 
a, ee oe ae a ae bene He Dh le all ol 
7 D=1% 
Ao fal Pa i a 
0 5.0 10 15 20 25 30 35 40 45 50 1020 1090 1150 
Pin: INPUT POWER (WATTS-pk) 


f, FREQUENCY (MHz) 


FIGURE 4 — OUTPUT POWER versus SUPPLY VOLTAGE FIGURE 5 — POWER GAIN versus FREQUENCY 
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i a (Re 0 a a pees eeu ckeleedang. hs! 
a es oo a 
ob A 40 50 (cease eee cm 


Vcc. SUPPLY VOLTAGE (VOLTS) f, FREQUENCY (MHz) 


FIGURE 6 — SERIES EQUIVALENT INPUT/OUTPUT IMPEDANCE | 


Pout = 150 W-pk Veg =50V 
tp=10us D=1% 


f Zin Zo" 
MHz Ohms Ohms 


1020 1.85 + j6.6 4.6 + j9.4 
1090 3.5 + j5.7 5.3 + j8.1 


PEEK 1150 | 44+j48 | 5.2+]9.7 

LP? “Zot = Conjugate of the optimum load 

ae impedance into which the device output 

TEE operates at a given output power, voltage, 
LT and frequency. 

HR 

~4.04.5) a 


a] 
no 


= s f ay 
Upeu.U 29.0 7 7 OU A ce7 esa | ole 
revert) (| LTE ETE TH LU ee | EP 


MOTOROLA RF DEVICE DATA 
2-974 


MRF1150M 


FIGURE 7 — OUTPUT POWER, INPUT VSWR, 
POWER GAIN versus FREQUENCY 


Pout. OUTPUT POWER (WATTS pk). 


_ INPUTVSWR Gpp POWER GAIN 


Coe 
CCEA 
COC es 


FIGURE 8 — 1090 MHz TEST CIRCUIT | 


“FIGURE 9 — 1090 MHz PHOTOMASTER 


0.0” ; 1.0" 
@ ~ Te 
SL/FA 
92181 
° 


CKT 445 


& MRF 1150M rs r-) MRF 1150M 
iMBUT OUTPUT 


NOTE: The Printed Circuit Board shown is 75% of the original. 


MOTOROLA RF DEVICE DATA 
2-975 


MOTOROLA 


TECHNICAL DATA 


MICROWAVE PULSE POWER TRANSISTORS 


' 


... designed for Class B and C common base amplifier applications 
in short pulse TACAN, IFF, and DME transmitters. 


® Guaranteed Performance @ 1090 MHz, 50 Vdc. 
Output power = 150 Watts Peak 
Minimum Gain = 7.8dB 


@ 100% Tested for Load Mismatch at All Phase Angles 
with 10:1 VSWR _ 


Industry Standard Package 


@ Nitride Passivated 


@ Gold Metallized, Emitter Ballasted for Long Life and 
Resistance to Metal Migration — Cm: 


@ Compatible with Other 1 150M Types ie 


® Internal Input Matching for Broadband Operation 


| Rating | Symbot_| Value [unit _| 
Collector-Base Voltage VcCBO | 70 CL de 
Emitter-Base Voltage | . VEBO 


MAXIMUM RATINGS : 


Collector-Current — Peak (1) 
Peak Device Dissipation @ Tc = 25°C (1) (2) [one 


Derate above 25°C 


Storage Temperature Range | 


THERMAL CHARACTERISTICS | oe 


Vi 


583 Watts 
3.33 W/°C 


dc 
dc 
dc — 
°C 


(1) Pulse Width = 10 ws, Duty Cycle=1%. 

(2) These devices are designed for RF operation. The total device dissipation rating applies 
only when the devices are operated as RF short pulse amplifiers. . 

(3) Thermal Resistance is determined under specified RF operating conditions by infrared 
measurement techniques. : , 


ala NOTES: Re gt, 
MRF1150MC sce _ 1 DIMENSIONS R AND U ARE DATUMS AND T ISA 
:_.. DATUM SURFACE AND SEATING PLANE. 
CASE 361A-01 _ "2 POSITIONAL TOLERANCE FOR MOUNTING HOLES: 
~. [4] 6038 (0.015) ®[t[u @ [a @] 


. DIMENSIONING AND TOLERANCING PER. ANSI 14.5, 
1973. ~ : 


MILLIMETERS INCHES 
MIN MAX_|- MIN MAX 
7.06 2.26 | 0.278 | 0.286 _| -- 
4,44 5.20 | -0.175 «| 0.205 

2:36 | 2.71] 0.093 | °0.407 : 
‘| 1.39 4.77 | 0.055. | 0.070 | . 


2.66 3.42 | 0.105 -| 0.135 


=! 
= 


FE | [ari [mm |e | [a> 


STYLE 4: 
PIN 1. COLLECTOR 
2. EMITTER 
3, BASE 


11.04 [ — | 0435-f  — 
° NOM 45° NOM 
34.2 | 0.120 | 0.135 
6.66 | 0.240 | 0.260 


20:06 | 20.57 | 0,790 | 0.810 
14.27 BSC 0.562 BSC 


olz 
w 
Ele 


a 
> 
r=} 


<|ciz 


| 


2-976 


ee eS) 


--MRF1150MB res: 


0.10 0.15 | 0.004 | .0.006 acs ia 


MOTOROLA RF DEVICE DATA 


MRF1150MA 


MRF1150MB 
MRF1150MC 


150 W PEAK, 960-1215 MHz 


‘MICROWAVE POWER 
TRANSISTORS 


NPN SILICON 


MRF1150MA sors 


CASE 332-04 1. DIM 1S DATUM, 

2, POSITIONAL TOLERANCE FOR LEADS. 
(+ [036 (0030) @[t[8. @] 

3. ET] IS SEATING PLANE, 

4. DIMENSION K APPLIES TWO PLACES. 

5, DIMENSIONING AND TOLERANCING PER ANSI Y 14.5, 
1973, 


ine 


MILLIMETERS INCHES 
MIN. | MAX [MIN | MAX 
6.86 | 7.62 | 0.270 | 0.300 
6.10 | 660 | 0.240 | 0.260 
16.26 | 1676 | 0.640 | 0.660 
; 495 | 5.21 | 0195 [0.205 | 
1.40 | 1.65 | 0.055 | 0.085 
2.67 | 432 | 0.105 | 0.170 
140 [165 | 0.055 | 0.065 
0.08 {| o18 | 0.003 | 0.007 
15.24 | — | 0600 | — 
241 | 267 | 0.095 | 0.105 
45° Nom 45° Nom 

ceeceee 0.180 | 0.245 
0s | 0.145 | 


2.92 3,68 


yy 


) 


ame, 


oa 


22 [— | le [etna [oO lw | > 


- STYLE1: 
< PIN 1. BASE 


2. EMITTER 
3. BASE 
4. COLLECTOR 


Cc 


4. DIM IS DATUM. 
CASE 332A-01 2. POSITIONAL TOLERANCE FOR LEADS: 
, [4 [076 10.030) @ [tla @ 
3, IS SEATING PLANE. 
4, DIM K APPLIES 2 PLACES. 
5, DIMENSIONING AND TOLERANCING PER ANSI Y145, 
973. 


ILLIMETERS INCHES | 
MAX | MIN |. MAX 
7.34 | 0.270 | 0.290 | 
381 | 0.130 | 0.150 | 
521 | 0195 | 0.205 | 

0.055 | 0.070 | 

0,003 | 0,007 

600 | — 

0.095 | 0.105 

45° NOM 


STYLE 1: 
PIN 1. BASE 
2. EMITTER 
3, BASE 
4. COLLECTOR 


MRF1150MA, MRF1150MB, MRF1150MC 


ELECTRICAL CHARACTERISTICS ee 25°C unless. otherwise noted) 


Characteristic 


OFF CHARACTERISTICS . 
Collector-Emitter Breakdown Voltage © 


(I¢ = 50 mAdc, Vge=0) | =) —_ | 
(ic = 50 mAde, Ig = 0) | | me ie ae oe | 
(Ig = 5.0 mAdc, Ic = 0) . . | 
7 : 10 


Collector Cutoff Current 
(Vcg = 50 Vdc, Ig = 0) 
ON CHARACTERISTICS 


DC Current Gain* 
(I= 5.0 Adc, VcE= 5. 6) Vdc) 


- DYNAMIC CHARACTERISTICS 


Output Capacitance | 
(Vcp = 50 Vde, Ig = 0, f= 1.0 MHz) 


FUNCTIONAL TESTS (Pulse Width = 10 us, Duty Cyele= = 1.0%) 


Common-Base Amplifier Power Gain 
(Vcc = 50 Vdc, Poyt = 150 Mid pk, f = 1090 MHz) 


Collector Efficiency 
(Vcc = 50 Vde, Pout = 150 W ie f= 1090 MHz) 


Load Mismatch o . . ; No Degradation in Power Output 
(Vcc = 50 Vde, Pout = 150 w pk, f= 1090 MHz) 
VSWR = 10:1 All Phase Angles) 


*80 ps Pulse on Tektronix 576 or equivalent. | 


FIGURE 1 — 1090 MHz TEST CIRCUIT 


O+ 
Vcc = 50 Vde 


. RF 
RF 
Output 


Input 


-C1, C2 — 220 0 pF Chip Capacitor, 100-mil ATC 
C3 — 0.1 pF/100 V | 
C4 — 47 pF/75 V Electrolytic 
_ L1,L2 —3.Turns, #18 AWG, 1/87 ID 
-Z1-Z10 — Distributed Microstrip Elements — - See Figures? 9 
- Board Material — 0.031” Thick Teflon- pieraiane 
=2.5 


| “MOTOROLA RF DEVICE DATA | 
2-977 


MRF1150MA, MRF1150MB, MRF1150MC 


Uv 


OWER versus FREQUENCY 


FIGURE 2 — OUTPUT POWER versus INPUT POWER FIGURE 3 — OUTPUT 


ean 


200 


150 


100 


P out OUTPUT POWER (WATTS pk) 
Pout OUTPUT POWER (WATTS pk) 


Pin. INPUT POWER (WATTS pk) 


FIGURE 4 — OUTPUT POWER versus SUPPLY VOLTAGE 


" ie ie eee 
: PTT tees 
Qa ica : we 
aa Z een ee oe 
: eee 
a z —— ay 
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: 2 aac 
3 as oie 
ar a 

Vcc, SUPPLY VOLTAGE (VOLTS) 7 /— f, FREQUENCY (MHz) 


FIGURE 6 — SERIES EQUIVALENT INPUT/ OUTPUT IMPEDANCE 


Pout = 150 W pk Voc = 50V 
tp = 10 us D=1% 


Pe Zin Zo." 
a MHz - Ohms Ohms 
J -960 1.5 + j9.6 2.6 + j4.1 
. §.0-+ 57.5 


2.4 + j5.6 


2.7 + j4.6 
2.8 + j5.3 


“Zo_ = Conjugate of the optimum load 
impedance into which the device output 
operates at a given output power, voltage, 
and frequency. 


MOTOROLA RF DEVICE DATA 
2-978 


MRF1150MA, MRF1150MB, MRF1150MC 


FIGURE 7 — 1090 MHz TEST AMPLIFIER 


FIGURE 8 — TYPICAL PULSE PERFORMANCE 


Veg =50V 
tp = 10 us 
D=1% 


Scale — 2.0 «s/Div 


FIGURE 9 — PRINTED CIRCUIT BOARD LAYOUT — 1090 MHz TEST CIRCUIT 


° 


MRF1ISOM 
@ TEST CIRCUIT 


© Soldered Eyelet 


NOTE: The Printed Circuit Board shown is 75% of the original. 


MOTOROLA RF DEVICE DATA 
2-979 


MOTOROLA — 
a SEMICONDUCTOR ayy | 


TECHNICAL DATA | MRF1 25 om 


250 W PEAK, 1020-1150 MHz 


MICROWAVE POWER 


MICROWAVE PULSE POWER TRANSISTOR . 
a a oa al TRANSISTOR 


NPN SILICON 


... designed for Class B and C common base amplifier applications 
in short pulse TACAN, IFF, and DME transmitters. 


@ Guaranteed Performance @ 1090 MHz, 50 Vde 
Output Power = 250 Watts Peak — , 
Minimum Gain = 6.0 dB te eae ee age, 
100% Tested for Load Mismatch at All Phase Angles with 
10:1 VSWR 7 
Industry Standard Package 
Nitride Passivated 
Gold Metallized for Long Life and Resistance to Metal Migration 
‘Compatible with Other 1250M Types Lo ; 
Internal Input and Output Matching for Broadband Operation 


MAXIMUM RATINGS: ae 
Rating Unit 


Collector-Base Voltage Vdc: 


Vde | “STYLE 2: 


Collector-Current — Peak (1, 2) Adc PIN 1. COLLECTOR 
2. EMITTER 


| 
Peak Device Dissipation @ Tc = 25°C (1, 2) he 1166 =~ | «Watts ae 3. BASE 
Detareabove 2orC Pee. cp eG 1. DIMENSIONS A, B AND RARE DATUMS, 
Siorage Temperature Range I” Taee eb tes1601 see © | 2. POSITIONAL TOLERANCE FOR MOUNTING HOLES: 


Emitter-Base Voltage 


POSITIONAL TOLERANCE FOR LEADS: 
0.25 (0.010). @ 


3. IS BOTH A SEATING PLANE AND A DATUM 


ede de a SURFACE, 
THERMAL CHARACTERISTICS Banos 4, DIMENSIONING AND TOLERANCING PER ANS! Y145, 


Characteristic 


Thermal Resistance, Junction to Case (1,2,3) — 


(1) Pulse Width = 10 ws, Duty Cycle = 1%. ee . 

(2) This device is designed for RF operation. The total device dissipation rating applies 
only when the device:is operated as an RF short pulse amplifier. A ot 

(3) Thermal Resistance is determined under specified RF operating conditions by infrared 
measurement techniques. ; 


CASE 336-03 


MOTOROLA RF DEVICE DATA 


2-980 


MRF1250M 


ELECTRICAL CHARACTERISTICS (Tee 25°C unless otherwise noted) 
fig cg oes uh hes: Characteristic — 


| OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage _ 
(ic = 100 mAdc, VpeE = 0) 


—MiBRICES. | 


Collector-Base Breakdown Voltage 


= V(BR)CBO_ 
(I¢ = 100 mAdc, le = 0) Nee 


Emitter-Base Breakdown Voltage 


| \BR)EBO | 
(Ip = 10 mAde, Ic =0) > Nel ce 


Collector. Cutoff Current 
(Vcp = 50 Vde, IE = 0) © 


ON CHARACTERISTICS 


DC Current Gain* 
(ic = 10 Adc, VcE= “5.0 Vde) 


dog 


FUNCTIONAL TESTS (Pulse Width = 10 AS. Duty Cyele = = 1. 0%) 


dB 


~Common-Base Amplifier Power Gain 
(Voc = 80 Vdc, Pout = 250 W pk, f = 1090 Mi ‘ 
Collector Efficiency ee % 
(Voc = 80 Vde, Pout = 250 W pk, f= 1090 MH2) : fe 
Load Mismatch | os : “No Degradation in Power Output. ; 
(Vcc = 80 Vde, Pout = 250 W pk, f= 1090 MHz, eo : 
_ VSWR =.10:1 All Phase Angles) . 
*80 ys Pulse on Tektronix 576 or equivalent. 
FIGURE 1 — 1090 MHz TEST CIRCUIT 
cf 
Vee = 50 Vde. : Fs 
RF “RE 


Output 


6 — 43 pF Unialeo 3HS0006- 
L1 —.1 Turn, #18 AWG, 1/8” Diameter | 
— 2 Turns, #18 AWG, 1/8” Diameter. tos 
ee =28 - a Distributed Microstrip. Elements - — See igure 9 
mot Board Material — 0.062” Thick Teflon*- Fiberglass, 
: ae = 2.55 - 


*Registered aed of DuPont 


MOTOROLA RF DEVICE DATA 
2-981 


MRF1250M 


FIGURE 2 — OUTPUT POWER versus INPUT POWER _ FIGURE 3 — OUTPUT POWER versus FREQUENCY 
i: ene 
f= 1020 MHz —S tty 
= = 1090 MHz — — 
a = 1150 MHz — iio Keel 
= — 
= aS ae eet 
cs 2 i Y | 
= le alee 4 
= eae ea all 
= ee a as 
= ts ae ae PS 
5 ieee aaa ie ae 
a ae ae fe Sey 
a ees 
0 ilicet nas 
Oo 8610 30 50 70 . 1020 1060 1090 1120 1150 
P.,, INPUT POWER (WATTS-pk) | f, FREQUENCY (MHz) 
FIGURE 4 — OUTPUT POWER versus SUPPLY VOLTAGE FIGURE 5 — POWER GAIN versus FREQUENCY 


z 
Ka — 
E = 
= = 
ao <x 
= = | 
2 2 Pout = 250 W pk 
5 2 Vcc = 50V 
= a tp = 10 us 
= Ss D = 1% 
= 
a> 
1020 1060 1090 1120 1150 
Vcc, SUPPLY VOLTAGE (VOLTS) f, FREQUENCY (MHz) 


FIGURE 6 — SERIES EQUIVALENT INPUT/ OUTPUT IMPEDANCE 


Pout = 250 W-pk Vcc = 50 V 
tp=10yns D=1% 


ne f Zin Zo." 
MHz Ohms Ohms 


1020 5.2 + j5.2 2.5 + j7.0 
1090 §.2+j6.2 | 2.0+j7.5 
1150 55+j73 | 1.8+ 57.0 


*Zo_ = Conjugate of the optimum load 
impedance into which the device output 
operates at a given output power, voltage, 
and frequency. 


<> 
O° 


‘MOTOROLA RF DEVICE DATA 
2-982 


MRF1250M 


: FIGURE 7 — 1090 MHz TEST AMPLIFIER 


FIGURE 8 — TYPICAL PULSE PERFORMANCE 


Pout = 250 W pk 
“f= 1090 MHz 
Vec = 50 V 

tp = 10 us 
D=1% 


50 W/Div 


Scale — 2.0 ps/Div 


FIGURE 9 — PRINTED CIRCUIT BOARD LAYOUT — 1090 MHz TEST CIRCUIT 


oo OUTPUT. 


aL YoincH pf 


© Soldered Eyelet 
NOTE: The Printed Circuit Board shown is 75% of the original. 


MOTOROLA RF DEVICE DATA 
| 2-983 


MOTOROLA sss 


= SEMMCA BR CTOR 
MRF1325M 


325 W PEAK, 1020-1150 MHz 


MICROWAVE PULSE POWERTRANSISTOR ~~ = || MICROWAVE POWER | 
a - TRANSISTOR 


bys designed for Class B and C common base amplifier applications ; “s NPN SILICON 
_ in short pulse TACAN, IFF, and DME transmitters. ; os eas Chee 


@ Guaranteed Performance @ 1090 MHz, 50 Vdc “ 
Output Power = 325 Watts Peak . 
Minimum Gain = 6.0 dB 
100% Tested for Load Mismatch at-All Phase Angles with ; | 
10:1 VSWR . 


Industry Standard Package 

Nitride Passivated 

Gold Metallized for Long Life and Resistance to Metal Migration 
Compatible with Other 1325M Types 

Internal Input.and Output Matching for Broadband Operation : 


STYLE 2: 

PIN 1. COLLECTOR 
ee 2, EMITTER 
Peak Device Dissipation @ Tc = 25°C (1, 2) ~ a aes "3. BASE 

Derate above 25°C Sy tse att NOTES: 

1. DIMENSIONS A, B AND R ARE DATUMS. 

2. POSITIONAL TOLERANCE FOR MOUNTING HOLES: 


POSITIONAL TOLERANCE FOR LEADS: 
. [-T-]JIS BOTH A SEATING PLANE AND A DATUM 
SURFACE. 


— ——— — . . DIMENSIONING AND TOLERANCING PER ANSI Y14.5, 
Characteristic _ my Sa Jni : 1973. 
Thermal Resistance, Junction to Case (1,2,3) © MILLIMETERS INCH 


(1) Pulse Width = 10 us, Duty Cycle = 1%; a ee a 

(2) This device is designed for RF operation. The total device dissipation rating applies 
only when the device is operated as an RF short pulse amplifier: cae 

(3) Thermal Resistance is determined under specified RF operating conditions by infrared 
measurement techniques. 


fad 

Pin mH |o> 
Ql Hn l— 
BR 

o ww 
Na — 
far] = 


1.65 
16.51 BSC 


w as 
cory dt 
=a ~~ 


w = 
=> om 
S > 


9.91 10.41 
CASE 336-03 


MOTOROLA RF DEVICE DATA 


2-984 


MRF1325M : 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 


OFF CHARACTERISTICS 
V(BR)CES 


Collector-Base Breakdown Voltage 


(Ig = 100 mAdc, Ig = 0) 
Emitter-Base Breakdown Voltage 
(Ip = 10 mAdc, I¢ = 0) 


Collector-Emitter Breakdown Voltage ‘etx: JO « 
(Ic = 100 mAdc, Vee = 0) ee ae es i 
ICBO 


we 


Collector. Cutoff Current. — 
(Vg = 50 Vdc, IE = 0) 


ON CHARACTERISTICS 


DC Current Gain* . 
(Ic = 10 Adc, Vcg = 5.0 Vdc) 


FUNCTIONAL TESTS (Pulse Width = 10 ys, Duty Cycle = 1.0% 


Common-Base Amplifier Power Gain 
(Voc = 50 Vde, Pout = 325 W pk, f = 1090 MHz) 


Collector Efficiency. ; 
(Voc = 50 Vde, Pout = 325 W pk, f = 1090 MHz) 


'Load Mismatch vs 
~ (Voc = 50 Vdc, Pout = 325 W pk, f = 1090 MHz, 
VSWR = 10:1 All Phase Angles) 


No Degradation in Power Output » 


*80 us Pulse on Tektronix 576 or equivalent. 


FIGURE.1 — 1090 MHz TEST CIRCUIT 


RF 
Output 


C1, C2 — 0.6-4.5 pF Johanson 7271 
C3 — 220 pF Chip Capacitor 
C4 — 0.1 uwF/100 V 
C5 — 220 pF/63 V 
C6 — 43 pF Unelco 3HSO006 
L1, L2 — 2 Turns, #18 AWG, 1/8” Diameter 
aay Z1-Z8 — Distributed Microstrip Elements — See Figure 9 

Board Material — 0.062” Thick Teflon*-Fiberglass, 

| é, = 2.55 | 


*Registered Trademark of DuPont 


~ MOTOROLA RF DEVICE DATA > 
2-985 


MRF1325M 


FIGURE 2 — OUTPUT POWER versus INPUT POWER FIGURE 3 — OUTPUT POWER versus FREQUENCY 


Bie de 
ie 


Pout. OUTPUT POWER (WATTS-pk) 


Pout OUTPUT POWER (WATTS: pk) 


xs 
200 
tk TO 
100 Vc V eM esa Me leit, de cles 
roe TTP > PLP 
020 = aa pit it 


Pin. INPUT POWER (WATTS-pk) * f, FREQUENCY (MHz) 


FIGURE 4 — OUTPUT POWER versus SUPPLY VOLTAGE FIGURE 5 — POWER GAIN versus FREQUENCY | 


Pout OUTPUT POWER (WATTS-pk) 
Gpp. POWER GAIN (dB) 


0 
40 50. 1020 1060 1090 1120 1150 


20 3 
Vcc. SUPPLY VOLTAGE (VOLTS) f, FREQUENCY (MHz) 


_ FIGURE 6 — SERIES EQUIVALENT INPUT/OUTPUT IMPEDANCE 


Pout = 325 W-pk Vee = 50V 
tp=10us D=1% 


f Zin ZoL" 
MHz - Ohms Ohms 
1020 5.2 + j5.2 2.5 + j7.0. 
1090 5.2 + j6.2 2.0 + j7.5 


1150 5.5 + 47.3 1.8 + j7.0 


“Zo, = Conjugate of the optimum load 
impedance into which the device output 
operates at a given output power, voltage, 
and frequency. 


MOTOROLA RF DEVICE DATA 
2-986 


MRF1325M 


FIGURE 7 — 1090 MHz TEST AMPLIFIER 


FIGURE 8 — TYPICAL PULSE PERFORMANCE 


Pout = 325 W pk 
f = 1090 MHz 
Vec = 50 V 

tp = 10 us 
D=1% 


50 W/Div 


Scale — 2.0 us/Div 


FIGURE 9 — PRINTED CIRCUIT BOARD LAYOUT — 1090 MHz TEST CIRCUIT 


@ Va INCH S 


(-) Soldered Eyelet 


NOTE: The Printed Circuit Board shown is 75% of the original. 


MOTOROLA RF DEVICE DATA 
2-987 


MOTOROLA 
SEMICONDUCOS: Paya === 
TECHNICAL DATA | 


The RF Line 


NPN SILICON POWER TRANSISTORS | 


Designed for 12.5 volt large-signal power amplifiers in com- | 
mercial and industrial equipment. 
@ High Common Emitter Power Gain 


@ Specified 12.5 V, 175 MHz Performance 
Output Power = 30 Watts 
Power Gain = 10 dB © 
Efficiency = 60% 

e Diffused Emitter Resistor Ballasting — 

® Characterized to 220 MHz | 


@ Load Mismatch at High Line and Overdrive Conditions 


MAXIMUM RATINGS 
| Rating 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


Storage Temperature Range 


Junction Temperature ee 
THERMAL CHARACTERISTICS | 


Characteristic - 
Thermal Resistance, Junction to Case 


2-988 


MOTOROLA RF DEVICE DATA 


MIRF1946 


MRF1946A 


30 W 136-220 MHz 


RF POWER 
TRANSISTORS 


NPN SILICON 


TYLE 1: 
1. DIMENSIONING AND TOLERANCING PER PIN 1. EMITTER 
ANSI Y14.5M, 1982. 2. BASE 
2. CONTROLLING DIMENSION: INCH. 3. EMITTER 


4. COLLECTOR 


MILLIMETERS | _ INCHES 


CASE 211-07 


MRF1946 


T T 
Clo) /O]z |x| [x |m lolol» |S 


NOTES: 


“4. DIMENSIONING AND TOLERANCING PER ANSt STYLE 4: 


See ee niens 


p 


+ a } SEATING 
: PLANE 
E ' q 
~-yanlnoas = bee: &. 
WRENCH FLAT a 
a me a ‘ 


Y14.5M, 1982. PIN 1. EMITTER 
2. CONTROLLING DIMENSION: INCH. a 
3. EMITTER 
ete 4, COLLECTOR 
MILLIMETERS INCHES 
DIM | MIN’ [ MAX | MIN | MAX | 
A | 940 | 978 | 0.370 | 0.385 | 
B | 813 | 838 | 0320 | 0.330 
ce | 17.02 | 2007 | 0.670" | 0.790 | 
dD | 546 | 597 | 0215 | 0.235 
E | 17 | — | oo [| — 
J | 0038 [018 | 0.003 [0.007 _| 
K | 1245 [ — | 0490 | — 
u_| 140 [178 | 0.055 | 0.070 sl 
M 45° NOM 45° NOM 
P : 7 1.27 | — [0.050 | 
R | 759 | 780 | 0.299 | 0307 2 
§ | 401 | 452 | 0.158 | 0.178 CASE 145A-09 
T [21 [| 254 | 0.083 | 0.100 MRF1946A 
ut 249 [335 | 0.098 [ 0.132 


MRF1946, MRF1946A 


ELECTRICAL CHARACTERISTICS Bus = 25°C unless otherwise noted. yo ek 
annie | ret [tne || 
OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage ae . Viniece 16. Vdc . 
(I¢ = 25 mAdc, Ig = 0) | -_ 


Collector-Emitter Breakdown Voltage - V(BR)CES 

— (I¢ = 25 mAdc, Vege = 0) | . 

Emitter-Base Breakdown Voltage ViBRIEBO™ ve 
(IE = 5.0 mAdc, Ic = 0). | | eo 


Collector Cutoff Current 
- (VCE = 15 Vde, VBE = 0, Te = gor) 
ON CHARACTERISTICS . 


DC Current Gain 
(Ic = 1.0 Adc, Veg: = 5.0 Vde) 


DYNAMIC CHARACTERISTICS 
Output Capacitance _ 

(Vcgp = 15 Vdc, Ip = 0, f = 1.0 MHz) 
FUNCTIONAL TESTS 


‘Common-Emitter Amplifier Power Gain 
(Voc = 12.5 Vde, Pout = 30 W, f = 175 MHz) 


Collector Efficiency 
(Vcc = 12.5 Vde, Pout - = 30 W, f = 175 Mie) 


Load Mismatch . No Degradation in 
(Vcc = 15.5 Vde, Pin = 2.0 dB Overdrive, . . Output Power 
Load VSWR = 30:1) Tt 


FIGURE 1 — BROADBAND TEST CIRCUIT SCHEMATIC | 


+12.5 
L5 RFC2 + Vdc 
es edie Aen 
ae A ie 
C1 L1 L2 (\ 
vs C3 C4 RFC1 atin C11 cS C6 
|  *sB : 
C1 = 56 pF Mini-Unelco, 3HS0006-56 L1=2 Tints #18 AWG, 0.125” ID 
C2 = 47 pF Mini-Unelco, 3HS0006-47 L2, L3 = Circuit Board and Mounting Pad Inductance 
C3, C4 = 180 pF Chip Cap, ATC 100B181JC500 L4 = 3 Turns #18 AWG, 0.125” ID . 
C5 = 150 pF Unelco, J101-150 _ . L5 = 6 Turns #16 Enameled, 0.250" ID | 
C6 = 39 pF Mini-Unelco, 3HS0006-39 . ; . 
C7, C8 = 1000 pF Chip Cap, ATC 100B102JC50 RFC1 = 0.15 wH Molded Choke w/Ferrite Bead 
C9 = 0.1 wF Ceramic Capacitor RFC2 = Ferrite Choke, Fair Rite VK200-4B 
C10 = 10 uF, 25 V Electrolytic Capacitor 
C11 = 56 pF Mini-Unelco, 3HS0006-56 Board Material = '%2” Glass 


Teflon, 1 oz. Cu Plating 


Bead — Ferroxcube 


MOTOROLA RF DEVICE DATA | 


2-989 


MRF1946, MRF1946A 


FIGURE 3 — OUTPUT POWER versus FREQUENCY 


FIGURE 2 — OUTPUT POWER versus INPUT POWER 


oH, 
AAA TAT TT 
AVI VET  , 
AAA ATT TP 
ELV Titi, 


eu H3MOd inalae anog 


i cE e 
ALLE 
“ECAH 
fa ais 
CoUNCIL, 


CCCCENSAC 
LETT TT ASAT 


“(SLIM t W3MOd Indino i 


of FREQUENCY (MHz] 


Pin, INPUT POWER ATES 


FIGURE 5 — OUTPUT POWER versus SUPPLY VOLTAGE 


FIGURE 4 — OUTPUT POWER versus SUPPLY VOLTAGE 


f = 220 MHz 


Lice tem 


f = 175 MHz ~ 


Va 


2 8 = 
(SLIVM) HAMOd LNdLNO 379d 


Vc, SUPPLY VOLTAGE (VOLTS! 


FIGURE 6 — OUTPUT POWER versus SUPPLY VOLTAGE 


FIGURE 7 — OUTPUT POWER versus SUPPLY VOLTAGE 


136 MHz 


f 


f = 150 MHz 


— ioe) RQ , 
(SLLIWM) H3MOd LNdLNO 7g 


Vcc, SUPPLY VOLTAGE (VOLTS) 


Vcc, SUPPLY VOLTAGE (VOLTS) 


_ .MOTOROLA RF DEVICE DATA 


2-990 


MRF1946, MRF1946A 


FIGURE 9 — SERIES EQUIVALENT INPUT AND 
OUTPUT IMPEDANCE 


FIGURE 8 — TYPICAL PERFORMANCE IN A BROADBAND CIRCUIT 


"Gye, POWER GAIN (dB) 
me, COLLECTOR EFFICIENCY. 


150 155 160-165. 170 175 
7 f, FREQUENCY (MHz 
ee Sonera 


2.5 Vdc, P 


*ZGL_ = Conjugate of optimum load 
impedance into which the 
device operates at a given 
output power, voltage and 
frequency. 


FIGURE 10 — BROADBAND TEST CIRCUIT 


“ MOTOROLA RF DEVICE DATA 


2-991 


MOTOROLA 


== SEMICONDUCTOR a im | 
TECHNICAL DATA MRF2001 


‘MRF2001B 


10W 2GHz 


MICROWAVE POWER 
TRANSISTORS 


NPN SILICON 


sas § = 


~ MRF2001B MRF2001 


NPN SILICON MICROWAVE POWER TRANSISTORS 


... designed for Class B and C amplifier or oscillator applications 
in the 1.0 to 2.3 GHz frequency range. 


@ Guaranteed Performance @ 2 GHz, 28 Vdc — 
Output Power = 1.0 Watt — 
Minimum Gain = 9.0 dB 

@ 100% Tested for Load Mismatch at All Phase Angles 
With 10:1 VSWR 


@ Hermetically Sealed Industry Standard Package 


@ Gold Metallized, Emitter Ballasted for Long Life and 
Resistance to Metal Migration 


® Compatible with Older 2001 Types 


® Other Devices in the 2000 Series: 
MRF2003 3W 
MRF2005 5W 


MRF2010 10W 
MILLIMETERS | INCHES | STYLE 1: 
PIN 1. EMITTER 
2, COLLECTOR 
3, BASE 


dl banal be 
@ |= |p 
S [om [en 


ae andl | on 
= {eo fh oy 
& RS [eS rh 


CASE 328-02 


: Dope [on 
st |S ft 
(Si 

o 

a 

= 

on 


52 1.78 | 0.060 


- QP. 
or [+[o 0.15 (0.006) @ [7] A @[ 8 O] 


ey 


pee K 5 N K J 
Total Device Dissipation @ Tc = 25°C (1) aie of { | [~ | E 
cs — same 


Derate above 25°C . aa Go og 
1, DIMENSIONING AND TOLERANCING PER ANSI 


NOTES: 
Y14.5M, 1982. 


THERMAL CHARACTERISTICS 2. CONTROLLING DIMENSION: INCH, 


Thermal Resistance, Junction to Case (2) 


(1) These devices are designed for RF operation. The total device dissipation rating applies 
only when the devices are operated as RF amplifiers. 


STYLE 1: 
PIN 1. EMITTER 


(2) Thermal Resistance is determined under specified RF operating conditions by infrared : : 2, COLLECTOR 


( 3. BASE - 
measurement techniques. 


CASE 328A-02 


MOTOROLA RE DEVICE DATA 


2-992 


MRF2001, MRF2001B 


ELECTRICAL CHARACTERISTICS Bucs 25°C unless otherwise noted) 


“Characteritio “Symbo es 


OFF CHARACTER ISTICS 


Collector-Emitter Breakdown Voltage 
(Ig = 5.0 mAde, Ig = 0) 
‘Collector-Emitter Breakdown Voltage ~ 
(Ic = 5.0 mAdc, Ree = 109) 
Collector-Base Breakdown Voltage | 
(Ig =5.0 mAde, le = 0) 
Emitter-Base Breakdown Voltage 
(IE = 1.0 mAdc, I¢ = 0) | 
Collector Cutoff Gurrent 
(VcB = 28 Vac, Ie = 0) 
ON CHARACTERISTICS 
DC Current Gain ; 
(Ic = 100 mAdc, VcE = 5.0 Vdc) 
DYNAMIC CHARACTERISTICS 
Output Capacitance ) 
(Vcp = 28'Vdc, Ip = 0, f = 1.0 MHz) 
FUNCTIONAL TESTS | . 
* Common-Base Amplifier Power Gain 
(Vcc = 28 Vdc, Pout = 1-0 W, f = 2.0 ous 
Collector Efficiency . . 
(Voc = 28 Vde, Pout = 1.0 W, f= 2.0 GHz) | 
Load Mismatch _ ee : “No Degradation in Power Output — 
(Vcc = 28 Vde, Pout = 1.0W, f=2.0GHz, . a . | 
VSWR = 10:1 All Phase Angles) 


WBRICER 


rep ppp 


FIGURE 1. 2 GHz TEST CIRCUIT 


* OUTPUT 


Z1-Z11 — Microstrip 

C1 — 0.4-2.5 pF Johanson 7285 

C2, C3 — 56.pF Chip Capacitor 

C4 — 0.1 uF 

C5 — 10 uF 50 V Electrolytic 

Board Material — 0.062” Glass Teflon 


MOTOROLA RF DEVICE DATA 
2-993 


MRF2001, MRF2001B 


FIGURE 2 — OUTPUT POWER versus INPUT POWER 


(f = 1 GHz) 
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FIGURE 4 — OUTPUT POWER versus FREQUENCY 


Pout, OUTPUT POWER (WATTS) 
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Gpe, POWER GAIN (dB) 


FIGURE 3 — OUTPUT POWER versus INPUT POWER 
(f = 2 GHz) 
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/ 


Pig, INPUT POWER (mW) 


FIGURE 5 — POWER GAIN versus FREQUENCY 
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flit dl cadlesdeeli Weill. apete Miele’ 
1.0 15 2.0 | 2.3 


f, FREQUENCY (GHz) 


FIGURE 6 — SERIES EQUIVALENT INPUT/OUTPUT IMPEDANCE 


‘Coordinates in Ohms 


2-994 


- MOTOROLA RF DEVICE DATA. 


Vec= 28 V 


Zin ZOL" Pin= |ZoL* Pout = 
Ohms Ohms 100mW|Ohms 1W 
6.6 + j8.4 4.9 -j37.4 
8.5 + 412.2 4.6 - j2110 


a ah Bh Hz 
Pe lO 11 
[15 | 2] 81-j 

fo |itsriias] 42-0 | 36-70] 
«| 23:1] 13.44j26.0] 34-j18 | 34-18 | 


*Zg_ = Conjugate of the optimum load impedance into which the device 
Output operates at a given output power, voltage and frequency. 


Qo 


NO 


MRF2001, MRF2001B 


FIGURE 7 — 2 GHz TEST AMPLIFIER 


FIGURE 8 — PRINTED CIRCUIT BOARD LAYOUT — 2 GHz TEST CIRCUIT 


of the or 


igina 


75% 


{Ss 


t Board shown 


ircu 


The Printed Ci 


NOTE 


MOTOROLA RF DEVICE DATA 


2-995 


MOTOROLA 


= SEMICONDUCTOR 
TECHNICAL DATA — 


NPN SILICON MICROWAVE POWER TRANSISTOR 


. designed for Class B anid Cc common base broadband emo 


applications | in the 1 7 to 2. 3 GHz z frequency pangs: 


Internal Input Matching for Broadband Goeratiea 


Guaranteed Performance @: 2 GHz, 24 Vdc 
Output power = 1.0 Watt 
Minimum Gain = 8.5 dB - 


100% Tested for Load Mismatch at All Phase Angles 
with 10:1 VSWR 


Hermetically Sealed Industry: Standard Package | 


Gold Metallized, Emitter Ballasted for Long Life and 
Resistance to Metal Migration 


Silicon Nitride Passivation 


Characterized for Operation from 20 V to 28V 
Supply Voltages 


MAXIMUM RATINGS 


Rating 


Collector-Emitter Voltage 


Collector-Base Voltage 


Emitter-Base Voltage 


Collector-Current — Continuous 


Total Device Dissipation @ Tc = 25°C (1) 
Derate above 25°C 


Storage Temperature Range 


THERMAL CHARACTERISTICS 


Characteristic . 


Thermal Resistance, Junction to Case (2), at 


(1) This device is designed for F RF Goeration: The total device aiscinaia rating Suplias 
only when the device is operated as an RF amplifier. 

(2) Thermal Resistance is determined under specified RF operating conditions by infrared 
measurement techniques. 


MOTOReTe RF DEVICE DATA 


2-996 


MRF2001M 


1.0W 2 GHz 


MICROWAVE POWER 
‘TRANSISTOR 


NPN SILICON _ 


STYLE 1: 
PIN 1. EMITTER 
2. COLLECTOR 
3, BASE 


NOTES: 
1. DIMENSIONS [-A-] AND [-B-] ARE DATUMS. 


_ 2, POSITIONAL TOLERANCE FOR MOUNTING HOLES: 


~ [4-10.13 (0.005) @ 
3, IS SEATING PLANE, 
4, DIMENSIONING AND TOLERANCING PER ANSI Y14.5, 


CASE 337-02 


MRF2001M 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) seh td an Se a ecln P ieah ee 
OFF CHARACTERISTICS” | : ae : : = 
Collector-Emitter. Breakdown Voltage 
(Ic = 5.0 mAdc, Ip = 0) 


Collector-Emitter Breakdown Voltage | 
(ic = 5.0 mAdc, Vege = 0) 


Collector-Base Breakdown Voltage 
(Ic = 5.0 mAdc, Ig = 0) 


Emitter-Base Breakdown Voltage ae : a0 
(IE = 1.0 mAdg, IG = 0) | i oe 


Collector Cutoff Current 
| (Veg = 28 Vdc, IE = 0) 


ON CHARACTERISTICS 


DC Current Gain 7 
(Ic = 100 mAdc, Vcg = 5.0 Vdc) 


DYNAMIC CHARACTERISTICS 


Output Capacitance . 
(Vcp = 24 Vde, ig = 0, f= 1.0 MHz) 
FUNCTIONALTESTS —_© 


Common-Base Amplifier Power Gain 
(Voc = 24 Vde, Poyr= 1.0 W, f = 2.0 GHz) 


| Collector Efficiency 
(Voc = 24 Vde, Poyt = 1.0 W 


| Load Mismatch | . 
(Voc = 24 Vde, Poyt = 1.0 W, f = 2.0 GHz) 
VSWR = 10:1 All Phase Angles) 


_ f= 2.0 GHz) 


C355 C455 65 


211 


RF Input 


y | | - RF Output 
oe aha gy Yee le 28 me 


21-Z12 —-Microstrip, See Photomaster 

C1 — 0.6-4.5 pF Johanson 7271 

C2, C3 — 56 pF Chip Capacitor 

C4 — 0.1 uF 

C5 — 10 uF, 35 V . 

Board Material — 0.0312” Teflon Fiberglass 
. ér= 2.5+0.05 ; 


MOTOROLA RF DEVICE DATA 
2-997 | 


MRF2001M 


FIGURE 3 — OUTPUT POWER versus INPUT POWER 


FIGURE 2 — OUTPUT POWER versus INPUT POWER 
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FIGURE 4 — OUTPUT POWER versus INPUT POWER | 


FIGURE 5 — POWER GAIN versus FREQUENCY, | 
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f, FREQUENCY (GHz) 
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Pid | INA | 


FIGURE 6 — SERIES EQUIVALENT INPUT/OUTPUT IMPEDANCE 


+ )50 


24 V, Pin = 140'mW 


Vec = 


~ 15.5 + j 3.0 


7.5 + 411.0 
10.0 + 510.0 


*ZOL= 


Conjugate of the optimum load impedance 


into which the device output operates at a given 


~ output power, voltage and frequency. 


Coordinates in Ohms 


MOTOROLA RF DEVICE DATA 


2-998 


MRF2001M 


FIGURE 7 — 2GHzTESTAMPLIFIER . 7. _ | 


MRF 2001M 


© Denotes Eyelet 


: PS, | --- @ 4-40 Screw Placement 


NOTE: The Printed Circuit Board shown is 75% of the original. 


MOTOROLA RF DEVICE DATA 


2-999 


MOTOROLA | 


TECHNICAL DATA 


. The RF Line © 
NPN SILICON MICROWAVE POWER TRANSISTORS. 


... designed for Class B and C amplifier ‘or oscillator applications 
in the 1.0 to 2.3 GHz frequency range. 


® Guaranteed Performance @ 2 GHz, 28 Vdc 
Output Power = 3.0 Watts 
Minimum Gain = 7.8 dB . 
® 100% Tested for Load Mismatch at All Phase Angles — 
With 10:1 VSWR 


Hermetically Sealed Industry Standard Package 


® Gold Metallized, Emitter Ballasted for Long Life and 
Resistance to Metal Migration 


® Compatible with Older 2003 Types 


@ Other Devices in the 2000 Series: 
MRF2001 1W 
MRF2005 5W. 

MRF2010 10W. 


MAXIMUM RATINGS = 
Rating OD symbor" | 
Collector-Emitter Voltage - ae VCEO 


Emitter-Base Voltage VEBO 
Collector-Current — Continuous ©. | ome wig vey 


oe le. scig 
Total Device Dissipation @ Te = 25°C (1), | Pp 11.6 
Derate above 25°C Sag : ee a a 


Storage Temperature Range. ee oe > - 1265 to +200 


THERMAL CHARACTERISTICS 


Thermal Resistance, Junction to Case (2) R@eJc 


(1) These devices are designed for RF operation. The total device dissipation rating applies 
only when the devices are operated as RF amplifiers. | 

(2) Thermal Resistance is determined under specified RF operating conditions by infrared 
measurement techniques. 


2-1000 


MOTOROLA RF DEVICE DATA | 


MRF2003 


MRF2003B 


3.0W 2 GHz 
MICROWAVE POWER 
TRANSISTORS 


- NPN SILICON | 


PIN 1. EMITTER 
2. COLLECTOR 
3, BASE 


: _ CASE 328-02 


60 


Q2p 
+| 60.15 (0.008) ® [tT] a @[ 8 @ 


__ 1, DIMENSIONING AND TOLERANCING PER ANSI 
Y14.5M, 1982. 
2. CONTROLLING DIMENSION: INCH. 


MILLIMETERS INCHES | 
MIN | MAX 
20.57 E f 


STYLE 1: 
PIN 1. EMITTER 
2. COLLECTOR 
3. BASE 


CASE 328A-02 


| Pewee Br eoer 


ELECTRICAL CHARACTERISTICS aichs 25°C unless otherwise noted) 


Symbol a a ao 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 


it a 
(Ic = 5.0 mAde, Ip = 0) . - ae | 
Collector-Emitter Breakdown Voltage Giewiacd Rial Acai SNA Rival 

(Ic = 5.0 mAdc, Regge = 10 2) 


(I¢ = 5.0 mAdc, IE = 0) 


Emitter-Base Breakdown Voltage 
(Ie = 1.0 mAdc, Ic = 0) 
Collector Cutoff Current 
~ (Vopg = 28 Vdc, te = 0) 
ON CHARACTERISTICS 
DC Current Gain 
(i¢ = 156 mAdc, VcgE = 5.0 Vde) 
DYNAMIC CHARACTERISTICS 
Output Capacitance 
(Vop = 28 Vde, IE = 0, f = 1.0 MH2) 
FUNCTIONAL TESTS 
Common-Base Amplifier Power Gain 
(Voc = 28 Vde, Pout = 3.0 W, f = 2.0 GHz) 
Collector Efficiency : 
(Voc = 28 Vdc, Poyt = 3.0 W, f = 2.0 GHz) | 
Load Mismatch . No Degradation in Power Output 
(Vec = 28 Vde, Sie ues aoe. oe 


VSWR = 10:1 All Phase Angles) 


FIGURE 1 — 2 GHz TEST CIRCUIT 


Cb C6 C7 C8 
Z10 z 7 


on @ i or Hz = 
4 4 


_ Z1-Z13 — Microstrip 
C1, C2, C3 — 0.4-2.5 pF Johanson 
C4, C5, C6 — 56 pF Chip Capacitor 
C7 — 0.1 pF 
C8 — 10 uF 50 V Electrolytic 
Board Material — 0.062” Glass Teflon 


a eg 
MOTOROLA RF DEVICE DATA 
2-1001 


MRF2003, MRF2003B 


FIGURE 2 — OUTPUT POWER versus INPUT POWER FIGURE 3 — OUTPUT POWER versus INPUT POWER 
(f = 1 GHz) - (f = 2 GHz) 


Pout, OUTPUT POWER (WATTS) 
Pout OUTPUT POWER-(WATTS) 


0 : 1.0 
0.20 0.30 - 0.40 0.50 0.60 »- 0.70-°. 0.25 0.35 - 0.45 0.55 . 9.65. 
Pin, INPUT POWER (WATTS) Pi,, INPUT POWER (WATTS) 
FIGURE 4 — OUTPUT POWER versus FREQUENCY “ns FIGURE 5 — POWER GAIN versus FREQUENCY 
7.5 


re eine ae (Cae ae (Pe a 

: Pt EL [eins asa |] 7 
<= eal 
: i aia = 
TAS 2 
= a 
& oc 
E = 
a 3.0 S 
ae a 
= ae 
~ [aa] 
aS 1.5 

0 


f, FREQUENCY (GHz) f, FREQUENCY (GHz) 


FIGURE 6 — MRF2003 SERIES EQUIVALENT INPUT/OUTPUT IMPEDANCE 


Vec= 28 V 
f Zin Zot” Pin= | ZOL* = Pout = 
GHz Ohms Ohms -0.5W |] Ohms 3W 
10°) 2.0 + 59.0 10 - j23 
1.5 3.0 + j14.5 3.0 - j10.5 
4.0 + j23 5.0 + 0 


4.5 + j29 5.5 +517 


*ZOL= Conjugate ‘of the optimum load impedance into 
which the device output operates at a given output 
power, voltage, and frequency. 


-j50 


Coordinates in Ohms 


MOTOROLA RF DEVICE DATA 
2-1002 


MRF2003, MRF2003B 


FIGURE 7 — 2 GHz TEST AMPLIFIER 


— PRINTED CIRCUIT BOARD LAYOUT 


FIGURE 8 


2 GHz TEST CIRCUIT 
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MOTOROLA RF DEVICE DATA 


2-1003 


MOTOROLA | 
SEMICONDUCTOR =u 


TECHNICAL DATA | MRF2003M 


3.0W 2 GHz. 


| The RF Line | _ | 
MICROWAVE POWER 


NPN SILICON MICROWAVE POWER TRANSISTOR TRANSISTOR 


... designed for Class B and C common base broadband amplifier NPN SILICON 
applications in the 1.7 to 2.3 GHz frequency range. — 


Internal Input Matching for Broadband Operation 


Guaranteed Performance @ 2 GHz, 24 Vde 
Output power = 3.0 Watt 
Minimum Gain = 8:0 dB 


100% Tested for Load Mismatch at All Phase Angles 
with 10:1 VSWR 


Hermetically Sealed Industry Standard Package 


Gold Metallized, Emitter Ballasted for Long Life and 
Resistance to Metal Migration 
Silicon Nitride Passivation 


Characterized for Operation from 20 V to 28 V 
Supply Voltages 


MAXIMUM RATINGS PIN 1. EMITTER 


Rating or mbol es } to 2, COLLECTOR 
: Sra : | : 3, BASE 


Collector-Emitter Voltage 


: | NOTES: Ae od 
Collector fore Voltage 1, DIMENSIONS [[A:] AND [-B-] ARE DATUMS. 
Emitter-Base Voltage og ~ 2, POSITIONAL TOLERANCE FOR MOUNTING HOLES: 


Collector-Current — Continuous i IG SEATING PLANE, 
Total Device Dissipation @ Tc = 25°C (1) 4, DIMENSIONING AND TOLERANCING PER ANSI Y14.5, 
Derate above 25°C all 1 4973, —_ 


Storage Temperature Range 


THERMAL ARA Til | MIN | MAX | MIN | 
CH CTERISTICS 


Characteristic Symbol Max Unit 


o\|o 
RY 
Heo 
nls 
i) 
fo) 
ar 
S 


Thermal Resistance, Junction to Case (2) RgJc 16 °C/W 


Oo 
a 
wo 
So 
— 
—~— 
Qo 


2/1; 
& |8 


| 0.056 | 
0.002 


(1) This device is designed for RF operation. The total device dissipation rating applies 
only when the device is operated as an RF amplifier. 

(2) Thermal Resistance is determined under specified RF operating conditions by infrared 
measurement techniques. : 


i] 
an 
nD 
Qo 
wo 
mn 
oO 


(ae) > 
—> CoO 
— 5S 
f=) 
cel 
— 
rc 


0.285 


MOTOROLA RF DEVICE DATA 


2-1004 


MRF2003M 


ELECTRICAL. CHARACTERISTICS (Tc = 25°C unless otherwise noted) 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage Vv 
(BR)CEO - 
(Ic = 5.0 mAdc, |p = O) 
Collector-Emitter Breakdown Voltage — V 
"(Ie = 5.0 mAdc, Vgg = 0) | a) iBBICES: 


Collector-Base Breakdown Voltage ; V 
(Ic = §.0 mAde, I = 0) , cehyene 
Emitter-Base Breakdown Voltage . V 
(I = 1.0 mAdc, Ic = 0) ‘PRIEBO 
| Collector Cutoff Current - “—S | ICBO 
(Vcp = 28 Vdc, Ip = O) . a 
ON CHARACTERISTICS 7 


-| DC Current Gain NEE 10 100 
(Ic = 150 mAdc, Vcr = 5.0 Vdc) 


DYNAMIC CHARACTERISTICS 


Output Capacitance 
(Vcp = 24 Vdc, Ig = O, f = 1.0 MHz) 


FUNCTIONAL TESTS 


Common-Base Amplifier Power Gain ; 
(Voc = 24 Vdc, Pout = 3.0 W, f = 2.0 GHz) 


Coliveiar Efficiency 
(Vcc = 24 Vdc, Poyt = 3.0 W, f = 2.0 GHz) 


Load Mismatch No Degradation tn Power Output 
(Vec = 24 Vde, Poyt = 3.0 W, f = 2.0 GHz 3 
VSWR = 10:1 All Phase Angles) 


FIGURE 1 — 2.0 GHz TEST CIRCUIT 


Vcc = 
: +2 
@3-) C4: | C5") 4 ros 
ae 
RF DUT = RE 
Input Output 
= Z2 Z4} Z6 age 
o. Re L | ) 
. C2 
z8 C1 


Z1-Z9 — Microstrip, See Photomaster 
C1 — 0.6-4.5 pF Johanson 7271 
C2, C3 — 56 pF Chip Capacitor: 
C4 — 0.1 uF 
C5 — 10 pF, 35 V 
Board Material — 0.0312” Teflon riberalass 
=2.5+0.05 


MOTOROLA RF DEVICE DATA 
2-1005 


MRF2003M 


_ FIGURE 3 — OUTPUT POWER versus INPUT POWER 


FIGURE 2 — OUTPUT POWER versus INPUT POWER 
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Pin, INPUT POWER (mW) 


INPUT POWER (mW) 


“oP 


_ FIGURE 5 — POWER GAIN versus FREQUENCY - 


FIGURE 4 — OUTPUT POWER versus INPUT POWER 


(SLIVM) H4MOd LNdino '°g 


~~, FREQUENCY (GHz) 


Pin. INPUT POWER (mW) 


. FIGURE 6 — SERIES EQUIVALENT INPUT/OUTPUT IMPEDANCE 


+j50 


24 V, Pin = 400 mW 


Vee = 


Conjugate of the optimum load impedance 
into which the device output operates at a given 


output power, voltage and frequency. 


*ZOL= 


Coordinates in Ohms 


~ MOTOROLA RF DEVICE DATA 


- 2-1006 


MRF2003M 


FIGURE 7 — 2 GHz TEST AMPLIFIER 


FIGURE 8 — PRINTED CIRCUIT BOARD LAYOUT — 2.0 GHz TEST CIRCUIT © 


5 


@ Denotes Eyelet 
@) Denotes 4-40 Screw Placement 


NOTE: The Printed Circuit Board shown is 75% of the original. 


MOTOROLA RE DEVICE DATA 
2-1007 


a SEMICONDUCTOR | 


MOTOROLA 
TECHNICAL DATA 


2 The RF Line - 


NPN SILICON MICROWAVE POWER TRANSISTORS 


... designed for Class B and C amplifier or oscillator applications | 
in the 1.0 to 2.3.GHz frequency range. : 


e Guaranteed Performance @2 GHz, 28 Vde ~ 
Output Power = 5.0 Watts | 
Minimum Gain = -8.0.dB | ge 
@ 100% Tested for Load Mismatch at All Phase Angles 
With 10:1 VSWR oy — 
@ Hermetically Sealed Industry Standard Package 


® Gold Metallized, Emitter Ballasted for Long Life and 
Resistance to Metal: Migration 


@ Compatible with Older 2005 Types 


@ Other Devices in the 2000 Series: 
- MRF2001 1W 
MRF2003 3W 
MRF2010 10W 


MAXIMUM RATINGS 


Total Device Dissipation @ Tc = 25°C (1) 
Derate above 25°C 
Storage Temperature Range 


THERMAL CHARACTERISTICS. 


Thermal Resistance, Junction to Case !2) © RaJc 7.0 


(1) These devices are designed for RF operation. The total device dissipation rating applies 
only when the devices are operated as RF amplifiers. 

(2) Thermal Resistance is determined under specified RF operating conditions by infrared 
measurement techniques. . . 2 


2-1008 


-MRF2005 | 


MRF2005B 


5.0W 2GHz 


MICROWAVE POWER 
TRANSISTORS | 


NPN SILICON 


STYLE 1: 
PIN 1. EMITTER 
2. COLLECTOR 
3. BASE 


CASE 328-02 


Qart 


[4] e015 (0.000 @ [tT] A OES) 


MOTOROLA RF DEVICE DATA 


NOTES: ; 


_1. DIMENSIONING AND TOLERANCING PER ANSI 
-Y145M, 1982, a aes 
2. CONTROLLING DIMENSION: INCH... 


STYLE 1: 
PIN 1. EMITTER 
2. COLLECTOR 
3. BASE 


CASE 328A-02 


MRF2005, MRF2005B | 2 


ELECTRICAL CHARACTERISTICS (To= 28°C unless dehetwise 2 voted)’. 


- Characteristic 


OFF CHARACTERISTICS. oe a 7 | 

Collector-Emitter Breakdown Voltage So 
- . (l¢ = 10 mAdc, Ip = 0) ; Bg 

(Ig #10 mAdc, Rpg = 102) _ ) 


Collector-Base Breakdown Voltage Vierice0 - 
(Ic = 10 mAdc, IE = 0) 
Emitter-Base Breakdown Voltage 
_ We =1.0 mAdc, Ic = 0) 
Collector Cutoff Current 
(Veg = 28 Vde, Ip = 0) 
ON CHARACTERISTICS 
-DC Current Gain 
(Ic = 200 mAdc, VcE = 5.0 Vdc) 
DYNAMIC CHARACTERISTICS 
Output Capacitance . 
(Vcp =28 Vac, IE = 0, f = 1.0 MHz) 
FUNCTIONAL TESTS 
Common-Base Amplifier Power Gain 
(Vcc =. 28 Vdc, Poyt =5.0 W, f = 2.0 GHz) 
Collector Efficiency 
(Vec= 28 Vdc, Pout = 5.0 W,f = 2.0 GHz) 
Load Mismatch . . 
(Vcc = 28 Vde, Pout = 9.0 W,f = 2.0 GHz, 
VSWR = 10:1 All Phase Angles) 


No Degradation in Power Output 


_ FIGURE 1 — 2 GHz TEST CIRCUIT 


Vec = +28V 


RF 
OUTPUT 


Z1-Z7 — Microstrip 
_ C1, C2, C3 — 0.6-4.5 pF Johanson | 
C4, C5 — 220 pF Chip Capacitor 
C6 — 0.1 pF. 
C7 — 10 uF, 35 V Electrolytic 
L1— 3 Turns #22 ¥%" I.D. 
L2 — 2 Turns #24 72" |.D: 
Board Material — 0.062” Glass Teflon 


MOTOROLA RF DEVICE DATA 
2-1009 


MRF2005, MRF2005B 


~ Pout, QUTPUT POWER (WATTS) 


Pout, OUTPUT POWER (WATTS) 


FIGURE 2 — OUTPUT POWER versus INPUT POWER 
(f = 1 GHz) 
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FIGURE 4 — OUTPUT POWER versus FREQUENCY 
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f, FREQUENCY (GHz) 
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FIGURE 3 — OUTPUT POWER versus INPUT POWER 
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FIGURE 5 — POWER GAIN versus FREQUENCY 
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FIGURE 6 — SERIES EQUIVALENT INPUT/OUTPUT IMPEDANCE 
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Coordinates in Ohms 


MOTOROLA RF DEVICE DATA 


2-1010 


2.3 + j10.6 
2.4 + j14.5 


*Zo_ = Conjugate of the optimum load impedance into which the device 
output operates at a given output power, voltage and frequency. 


MRF2005, MRF2005B 
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FIGURE 7 — 2 GHz TEST AMPLIFIER 


Input. 


FIGURE 8 — PRINTED CIRCUIT BOARD LAYOUT — 2 GHz TEST CIRCUIT 


MRF 2005 
2GHZ 5W 
Re 


NOTE: The Printed Circuit Board shown is 75% of the original. 


MOTOROLA RF DEVICE DATA 
2-1011 


MOTOROLA 


wa SEMICONDUCTOR mum 
TECHNICAL DATA 


MRF2005M 


5.0W 2 GHz 


MICROWAVE POWER 
“TRANSISTOR 


NPN SILICON MICROWAVE POWER TRANSISTOR 


... designed for Class B and C common base broadband amplifier 
applications in the 1.7 to 2.3 GHz frequency range. 


NPN SILICON 


@ Internal Input Matching for Broadband Operation 


@ Guaranteed Performance @ 2 GHz, 24 Vde | 
Output power = 5.0 Waits laenot oe Nae 
Minimum Gain=7.5 dB |. Th. aie oe 

@ 100% Tested for Load Mismatch at All Phase Angles 
with 10:1 VSWR “ 


@ Hermetically Sealed Industry Standard Package 


® Gold Metallized, Emitter Ballasted for Long Life and 
Resistance to Metal Migration 


® Silicon Nitride Passivation — 


® Characterized for Operation from 20 V to 28 V 
Supply Voltages . 


MAXIMUM RATINGS _ 


Symbol oe 
ee om 
VCEO = . PIN 1. EMITTER 
en eee . 2, COLLECTOR 
3, BASE 


Collector-Emitter Voltage. 


Collector-Base Voltage _ 


Emitter-Base Voltage ~ 


Collector-Current — Continuous 


Total Device Dissipation @ Tc = 25°C (1) 
Derate above 25°C — 


Storage Temperature Range 


THERMAL CHARACTERISTICS © 
| Characteristic = |. Symbol | 


(1) This device is designed for RF operation. The total device dissipation rating applies 
only when the device is operated as an RF amplifier. 

(2) Thermal Resistance is determined under specified RF operating conditions by infrared 

measurement techniques. 


NOTES: 7 
1, DIMENSIONS [-A-] AND [-8-] ARE DATUMS. 
2. POSITIONAL TOLERANCE FOR MOUNTING HOLES: 


[670.13 (0.005) @ 
3, |S SEATING PLANE. 
-.4, DIMENSIONING AND TOLERANCING PER ANSI 14.5, 


1973. 


MOTOROLA RF DEVICE DATA 


9.4012 


MRF2005M. 


ELECTRICAL CHARACTERISTICS ee 25°C unless otherwise Aotedh. 


“Symbot_[ Min [Tye [Max [Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage | Viance0 
(Ic = 10 mAdc, Ip = 0) 
Collector-Emitter Breakdown Voltage — ViaricEs 
(Ic = 10 mAde, Vge = 0) . eu 7 
Collector-Base Breakdown Voltage | vierica0 
(Ic = 10 mAde, Ig = 0) aS | 
Emitter-Base Breakdown Voltage 4 V(BR)EBO 
(Ie = 2.0 mAdc, Ic = 0) aS _ s 


Collector Cutoff Current 
(Vcp = 28 Vde, Ig = 0) 
ON CHARACTERISTICS 


DC Current Gain 
(I¢ = 300 mAdc, Vcg = 5.0 Vde)- 


DYNAMIC CHARACTERISTICS 


Output Capacitance 
(Vcp = 24 Vde, Ig = 0, f = 1.0 MHz) 


FUNCTIONAL TESTS 


| Common-Base Amplifier Power Gain 
(Voc = 24.Vde, Pout = 5.0 W, f = 2.0 GHz) 


Collector Efficiency 2 . 
(Voc = 24 Vdc, Pout = 5.0 W, f = 2.0 GHz)” 

Load Mismatch . 2S No Degradation in Power Output 
(Voc = 24 Vde, Poyt = 5.0 W, f = 2.0 GHz) | 
VSWR = 10:1 All Phase Angles). 


FIGURE 1 — 2.0 GHz TEST CIRCUIT 


Vec= 
+24 Vde 
c5 | + 
C4 TN C6 
Z13 
zo Z11 RF 
zB 7 Z10 . C3 Z12 Output 
iS sea = 
C1, C3, C4 — 68 pF Chip Capacitor = Bead — Ferroxcube 56-590-65/3B 
ya am eee ph Johanson727" Board Material — 0.031” Teflon Fiberglass 
iors €p= 2.5+0.05 


C6 — 10 nF, 35 V 
Z1-Z13 — Microstrip, See Photomaster Figure 8. 


_ MOTOROLA RF DEVICE DATA 
2-1013 


MRF2005M 


FIGURE 3 — OUTPUT POWER versus INPUT POWER 


FIGURE 2 — OUTPUT POWER versus INPUT POWER 
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_ FIGURE 4 — OUTPUT POWER versus INPUT POWER 


FIGURE 5 — POWER GAIN versus FREQUENCY 
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FIGURE 6 — SERIES EQUIVALENT INPUT/OUTPUT IMPEDANCE 


+j50 


Vide 
UE 
of 


=24V 


~Vec 
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5.0 W) 


“Zot (Pout 


Conjugate of the optimum load impedance into which the 
device output operates at a given output power, voltage, 


and frequency. — 
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“ZOL 


Coordinates in Ohms 


- MOTOROLA RF DEVICE DATA 


2-1014 


MRF2005M 


FIGURE 7 — 2 GHz TEST AMPLIFIER 


FIGURE 8 — PRINTED CIRCUIT BOARD LAYOUT — 2.0 GHz TEST CIRCUIT 


* * 


MRF 2005M 


@® Denotes Eyelet 
(4-40 Screw Placement 
* Foil Wrap to Bottom 

Ground Plane 


NOTE: The Printed Circuit Board shown is 75% of the original. 


MOTOROLA RF DEVICE DATA 
2-1015 


MOTOROLA 


MRF2010B_ 


10W 2 GHz 


MICROWAVE POWER 
TRANSISTORS 


NPN SILICON 


NPN SILICON MICROWAVE POWER TRANSISTORS _ 


... designed for Class B and C amplifier ‘or oscillator applications 
in the 1.0 to 2.3 GHz frequency range. oe 


® Guaranteed Performance @2 GHz, 28 Vdc : 
Output Power = 10 Watts ~~ 
Minimum Gain = 6.0 dB 


© 100% Tested for Load Mismatch at All Phase.Angles 
With 10:1 VSWR | eee 


-MRF2010B MRF2010 


@ Hermetically Sealed Industry Standard Package 


®@ Gold Metallized, Emitter Ballasted for Long Life and 
Resistance to Metal Migration 


@ Compatible with Older 2010 Types 


© Other Devices in the 2000 Series: 
MRF2001 1W 
MRF2003 3W 
MRF2005 5W 


STYLE 1: 

PIN 1. EMITTER 
2. COLLECTOR 
4.70 0.175 0.185 3, BASE 
2.74 0.090 0.108 

3138 | 0.115 | 


CASE 328-02 


Q 2p. 
+| # 0.15 10.008) ® 


MAXIMUM RATINGS 


ee eee Sd ae | 
Collector-Emitter Voltage | . 
: 
oa ae 4 
6 lr sae 


} 
Total Device Dissipation @ Tc = 25°C (1) Watts 
Storage Temperature Range aS s | ine . f a 


~ NOTES:. : SPs 
». 1, DIMENSIONING AND TOLERANCING PER ANSI 
nee oh aes : Se ae - YT4.5M, 1982.00. 
Bs Se gee | ee are, Eg Ping ~ 2, CONTROLLING:DIMENSION: INCH. 


THERMAL CHARACTERISTICS . 


Thermal Resistance, Junction to Case (2) . Rese a oe a 


: ee ee . 0.245 | 0.255 
(1) These devices are designed for RF operation. The total device dissipation rating applies 0.145 | 0.170 STYLEL. 


only when the devices are operated as RF amplifiers. : 5 0.115 | 0.125 PIN 1, EMITTER 
Pee ett ; Ets! ; 0.055 | 0,070 2, COLLECTOR 
(2) Thermal Resistance is determined under specified RF operating conditions by infrared . 39. "0.045 | 0.058 | 3. BASE 
measurement techniques. j 


0.006 


CASE 328A-02 


MOTOROLA RF DEVICE DATA | 


2-1016 


MRF2010, MRF2010B 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 


Symboi_[ Min [typ | Mex [Unt 


OFF CHARACTERISTICS 
Collector-Emitter Breakdown Voltage te ee ee ae ee 
(I¢ = 20.mAdc, Ip = 0) 
Collector-Emitter Breakdown Voltage ia ie ae ee Vde 
| (ig = 20mAde, Reg = 102) | 
(Ig = 20mAde, IE = 0) . 
(ig = 2.0 mAdc, Ic = 0) ee 
(VcB = 28 Vdc, Ie = 0) 
ON CHARACTERISTICS 7 | | 


DC Current Gain 
(I¢ = 500 mAdc, Veg = 5.0 Vdc) 


DYNAMIC CHARACTERISTICS 


| Output Capacitance 
(Vcg = 28 Vdc, Ie = 0, f = 1.0 MHz) . 
FUNCTIONAL TESTS 
Common-Base Amplifier Power Gain 
(Vcc = 28 Vde, Pout = 10W f = 2.0 GHz) 
Collector Efficiency 
— (Vec.= 28 Vdc, Poyt = 10 W, f = 2.0 GHz) 
| Load Mismatch : 
(Vcc = 28 Vdc, Poyt = 10 W,f = 2.0 GHz, 
VSWR = 10:1 All Phase Angles) 


No Degradation in Power Output — 


FIGURE 1 — 2 GHz TEST CIRCUIT 


L1 
C6 C7 78 
4g zg Vec = +28V 
C3. 212 
Input Ee pee’ K Output 


Z1-Z12 — Microstrip 

C1, C2 — 0.4-2.5 pF Johanson 

C3, C4, C5, C7 — 39 pF Chip Capacitor 
C6 — 20 uF, 50 V Electrolytic y_ 


L1 — #18 AWG Hairpin Coe a 
1/8" Las — 1/8" 


Board Material — 0.032” Glass Teflon 


MOTOROLA RF DEVICE DATA 
2-1017 


MRF2010, MRF2010B 


FIGURE 3 — OUTPUT POWER versus INPUT POWER 


_ FIGURE 2 — OUTPUT POWER versus INPUT POWER 
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FIGURE 4 —. OUTPUT POWER versus FREQUENCY 
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FIGURE 7 — 2 GHz TEST AMPLIFIER 


2 GHz TEST CIRCUIT 


FIGURE 8 — PRINTED CIRCUIT BOARD LAYOUT 
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MOTOROLA 


TECHNICAL DATA 


‘The RF Line 


NPN SILICON MICROWAVE POWER TRANSISTOR 


... designed for Class B and C common base broadband amplifier | 
applications in the 1.7 to 2.3 GHz frequency range. 


@ internal Input Matching for Broadband Operation 


@ Guaranteed Performance @ 2 GHz, 24 Vdc 
Output Power = 10 Watts 
Minimum Gain = 7.0 dB 


@ 100% Tested for Load Mismatch at All Phase Angles 
with 10:1 VSWR 


Hermetically Sealed Industry Standard Package 


® Gold Metallized, Emitter Ballasted for Long Life and 
Resistance to Metal Migration 


Silicon Nitride Passivation 


Characterized for Operation from 20 V to 28 V 
Supply Voltages . 


MAXIMUM RATINGS 
Rating 


Collector-Emitter Voltage 


Collector-Base Voltage 


Emitter-Base Voltage 


Collector-Current — Continuous 


Total Device Dissipation @ Tc =. 25°C (1) 
Derate above 25°C - ea 


Storage Temperature Range 


THERMAL CHARACTERISTICS 


Characteristic 


Thermal Resistance, Junction to Case (2) 


(1) This device is designed for RF operation. The total device dissipation rating applies 
only when the device is operated as an RF amplifier. 

(2) Thermal Resistance is determined under specified RF operating conditions by infrared 
measurement techniques. 


» MOTOROLA RF DEVICE DATA 


MRF2010M 


10W 2 GHz 


MICROWAVE POWER 
TRANSISTOR 


_ NPN SILICON 


STYLE 1: 
PIN 1. EMITTER 
2. COLLECTOR 
3. BASE 


NOTES: | 
1. DIMENSIONS [-A-| AND [-B-] ARE DATUMS. 
2. POSITIONAL TOLERANCE FOR MOUNTING HOLES: 


[+] 0.13 (0.005) @ [7 A @]8 @ ] 


3, [=F Js SEATING PLANE, 


4, DIMENSIONING AND TOLERANCING PER ANSI Y14.5, 
1973. 


—y 


MILLIMETERS INCHES 
MAX | MIN | MAX 
20.57 { 0.790 { 0.870 
673 | 0.255 | 0.265 _| 
4.06 | 0.145 | 0.160 


279 | 0,090 | 0,110 


oi 
1.73 | 0.056 | 0.068 


0.15 | 0.002 | 0.006 
14.27BSC___| 0.560 BSC 
229 | 279 | 0090 | 0.110 | 
343 | 419 | 0.135 | 0.165 
787 | 8.38 oat | 0.330 
305 _| 330 | 0120 | 0.130 
L749 [0.285 | 0.295 _| 


CASE 337-02 


7.24 


MRF2010M 


ELECTRICAL slat at (Tc = 25°C unless otherwise noted) 


OFF CHARACTERISTICS 
Collector-Emitter Breakdown Voltage ViaRiceo 
(I¢ = 20 mAdc, IB = 0) 
| Collector-Emitter Breakdown Voltage aes 
(ic = 20 mAdc, VBE = 0) 
-Collector-Base Breakdown Voltage | Pe Soa 
(Ic = 20 mAdc, Ig = 0) 
|__(VcB = 28 Vde, Ie = 0) . | 
ON CHARACTERISTICS : | | . | 2 ee 
DC Current Gain — * She, hee 10 
(Ic = 500 mAdc, VcE = 5.0 Vdc) . 


(Ie = 2.0 mAdc, Ic = O) 
Collector Cutoff Current 

DYNAMIC CHARACTERISTICS 
Output Capacitance | ~ 


(Vcp = 24 Vde, Ig = 0, f = 1.0 MHz) 
FUNCTIONAL TESTS 


Common-Base Amplifier Power Gain 
(Vcc = 24 Vdc, Pout = 10 W, f = 2.0 GHz) 


Collector Efficiency 
(Vcc = 24 Vdc, Poyt = 10 W, f = 2.0 GHz) 


Load Mismatch 
(Vcc = 24 Vdc, Pout = 10 W, f = 2.0 GHz, 
VSWR = 10:1 All Phase Angles) 


No Degradation in Power Output 


FIGURE 1 — 2 GHz TEST CIRCUIT 


Vcoc= 
+24 Vde 


+ 
C3 C4. C5 


RF Input C2 RF Output 
= z2 [ze] { 29 | a {zi +6 
Z10 


C1 


Z1-Z13 — Microstrip, See Photomaster, Figure 8. 

C2, C3 — 68 pF Chip Capacitor 

C4 — 0.1 uF 

C5 — 10 uF, 35 V 

C1 — 0.6-4.5 pF Johanson 7271 

Board Material — 0.0312” Teflon Fiberglass 
€r=2.5+0.05 


MOTOROLA RF DEVICE DATA 
2-1021 


MRF2010M 


FIGURE 3 — 


OUTPUT POWER versus INPUT POWER 


FIGURE 2 — 


2.0 GHz) 
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FIGURE 5 — POWER GAIN versus FREQUENCY 
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FIGURE 6 — SERIES EQUIVALENT INPUT/OUTPUT IMPEDANCE 


+j10 


Conjugate of the optimum load impedance 
into which the device output operates at a 
given output power, voltage, and frequency. 


“ZOL 


Coordinates in Ohms 
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MRF2010M Siero 


FIGURE 7 — 2 GHz TEST AMPLIFIER 


© Denotes Eyelet 
©) Denotes 4-40 Screw Placement 
%- Foil Wrap to Bottom Ground Plane 


NOTE: The Printed Circuit Board shown is 75% of the original. | . 
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MOTOROLA 
SEMICONDUCTOR & 
TECHNICAL DATA 


16W 2 GHz 


| The RF Line | 
MICROWAVE POWER 


NPN SILICON MICROWAVE POWER TRANSISTOR = || | TRANSISTOR 


_.. designed for Class B and C common base broadband amplifie NPN SILICON 


applications in the 1.7 to 2.3 GHz frequency range. 


@ Internal Input Matching for Broadband Operation 


® Guaranteed Performance @ 2 GHz, 24 Vdc 
Output power = 16 Watts 
Minimum Gain = 6.5 dB 


@ 100% Tested for Load Mismatch at All Phase Angles 
with 10:1 VSWR 


@ Hermetically Sealed Industry Standard Package 


® Gold Metallized, Emitter Ballasted for Long Life and 
Resistance to Metal Migration 


@ Silicon Nitride Passivation 


® Characterized for Operation from 20 V to 28 V 
Supply Voltages 


MAXIMUM RATINGS 


STYLE 1: 

PIN 1, EMITTER 
2. COLLECTOR 
3. BASE 


Emitter-Base Voltage -1, DIMENSIONS [-A-] AND [:B-] ARE DATUMS. 
2. POSITIONAL TOLERANCE FOR MOUNTING HOLES: 


ollector-Current — Continuous © en aoe ae ie [+ [0.13 (0.005) @[T a @[B @ | 


Total Device Dissipation @ Tc = 25°C (1) os pe s | |. 3. [EE] is SEATING PLANE. 
Derate above 25°C = - | 4; DIMENSIONING AND TOLERANCING PER ANSI Y145, 
4973. : 


Storage Temperature Range . 


MILLIMETERS INCHES _| 
MIN | MAX | MIN | MAX | 
20.07 | 20.57 | 0.790 | 0.810 
673 | 0.255 | 0.265 
4.06 | 0.145 | 0.160 
2.79 | 0.090 | 0.110 


THERMAL CHARACTERISTICS 


Characteristic Symbol 
Thermal Resistance, Junction to Case (2) J z 
1.73 a 0.056 0.068 


(1) This device is designed for RF operation. The total device dissipation rating applies 0.15 | 0.002 | 0.006 
only when the device is operated as an RF amplifier. 14.27 BSC 0.560 BSC__| 

(2) Thermal Resistance is determined under specified RF operating conditions by infrared 0.090 | 0.110 | 
measurement techniques. : 0.135 | 0.165 


0,295 


CASE 337-02 


MOTOROLA RF DEVICE DATA 


2-1024 


MRF2016M 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) - 


; Characteristic 


OFF CHARACTERISTICS : | a 
Collector-Emitter Breakdown Voltage | Wipriceo 20 Vide 

- (I¢ = 30 mAdc, Ip = O) . . : 
Collector-Emitter Breakdown Voltage V(BRICES - im ed a Pe 


(Ic = 30 mAdc, VpeE=0) - 
Collector-Base Breakdown Voltage . 
- {Ie = 30 mAdc, ip =O) 


Emitter-Base Breakdown Voltage - 
~ (Ig = 5.0 mAdc, Ic = 0) 
Collector Cutoff Current 


(VcB = 28 Vdc, IE = 0) 


ON CHARACTERISTICS 
DC Current Gain . 


(Ic = 500 mAdc, VcE = 5.0 Vdc) 
DYNAMIC CHARACTERISTICS 


Output Capacitance 
(Vcp = 24 Vde, Ie = 0, f= 1.0 MHz) 


FUNCTIONAL TESTS» | 
Common-Base Amplifier Power Gain 
(Vcc = 24 Vdc, Pout = 16 W, f= zaCbSlat 


Collector Efficiency 
(Vec = 24 Vdc, Poyt = 16 Ww, f = 2.0 GHz) 


Load Mismatch ye No Degradation in Power Output 
(Vcc = 24 Vdc, Pout = 16 W, f= 2.0 GHz) a 
_ VSWR = A 10:1 All Phase Angles) 


FIGURE 1 — 2 GHz TEST CIRCUIT 


Vcc = 
+24 Vdc © 
RF Input RF Output 
oS — , 
we) oS a 


Board Material — 0.031” Teflon Fiberglass 


C1 — 0.6-4.5 pF Johanson 7271 
C2, C3 — 68 pF Chip Capacitor ; €-=2.5+0.05 
C4 — 0.1 pF . 

C5 — 10 nF, 35 V 

Z1-Z12 — Microstrip, See Photomaster 
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FIGURE 2 — OUTPUT POWER vag INPUT POWER 
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FIGURE 5 — POWER GAIN versus FR 
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FIGURE 6 — SERIES EQUIVALENT 
INPUT/OUTPUT IMPEDANCE 


MOTOROLA RF DEVICE DATA 


(f = 2.3 GHz) 
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FIGURE 4 — OUTPUT POWER versus INPUT POWER 


2-1026 


MRF2016M 


FIGURE 7 — 2 GHz TEST AMPLIFIER 


FIGURE 8 — PRINTED CIRCUIT BOARD LAYOUT — 2 GHz TEST CIRCUIT 
* 


© Denotes Eyelet 
© 4-40 Screw Placement 
* Foil Wrap to Bottom Ground Plane 


NOTE: The Printed Circuit Board shown is 75% of the original. 


MOTOROLA RF DEVICE DATA 
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MOTOROLA 
me SEMICONDUCTOR 
TECHNICAL DATA — 


The RF Line ae a MRF2369 
NPN Silicon 
High Frequency Transistor 

eee | fr = 6 GHz @ 50 mA 


... designed for low-noise, wide dynamic range front end amplifiers, low-noise NF = 1.5 dB @ 1 GHz 
VCO's and microwave power multipliers. | - : HIGH FREQUENCY 


@ Low Noise | } 24 | a TRANSISTOR 
High Gain Paes > ee tas . NPN SILICON 
Available in Low Cost Plastic | : | ee 
State-of-the-Art Technology 
Fine Line Geometry 
lon Implanted Arsenic Emitters 
Gold Top Metallization. and Wires: 
Silicon Nitride Passivation 
Fully Characterized 3 
Higher Voltage Version of MRF571 
e Internally Ballasted for Improved Ruggedness 


MACRO-X 
_ CASE 317-01, STYLE 2 


MAXIMUM RATINGS 


Collector-Emitter Voltage 
Collector-Base Voltage __ 
Emitter-Base Voltage © 
Collector Current — Continuous. 


Total Device Dissipation @ Tc = 50°C (1) 
Derate above 50°C . ee es 


Storage Temperature 
THERMAL CHARACTERISTICS 


Characteristic 


Thermal Resistance, Junction to Case’ 


MOTOROLA RF DEVICE DATA 


2-1028 


MRF2369 


ELECTRICAL CHARACTERISTICS Less = 25°C unless otherwise noted.) 


OFF CHARACTERISTICS | _ 
Collector-Emitter Breakdown Voltage V(BR)CEO 15. 
(ic = 1 mAdc, Ip = 0) 
Collector-Base Breakdown Voltage | V(BRICBO . 
(ic = 0.1 mAdc, IE = 0) | . 


Emitter-Base Breakdown Voltage . V(BRIEBO 
(Ie = 50 pAdc, Ic = 0) ; 


Collector Cutoff Current 
(Veg = 15 Vdc, IE = 0) 


ON CHARACTERISTICS 


DC Current Gain _ DpE 300 
(I¢ = 30 mAdc, VcgE = 5 Vdc) . . 


DYNAMIC CHARACTERISTICS 


Collector-Base Capacitance 
-(Vcop = 10 Vdc,.Ie = 0, f = 1 MHz) 


Current Gain — Bandwidth Product 
(VcE = 10 Vdc, Ic = 40 mA, f = 1 GHz) 


FUNCTIONAL TESTS 


Gain @ Noise Figure 
(Ic = 5 mAdc, VcE = 10 Vdc) 


Noise Figure 
(Ic = 5 mAdc, Vcg = 10 Vdc) 


RFC1 rR om 75 79 oe ee RFC2 


V8 ge ae ee eee = < Vor 


Z1 22 23 Z4 26 Z7 28 
ae — ie 
ee ee, A He HO osten 
= ha) Dur. 
C1, C2, C6 560 pF Chip Capacitor RFC1, RFC2 _ VK-200, Ferroxcube 
C5, C7 0.018 uF Chip Capacitor 21-29 Microstrip, See Photomaster 
C3, C8 0.1 «wF Mylar Capacitor Bead Ferrite Bead, Ferroxcube 56-590-65/3B 
C4, C9 1 wF Electrolytic Capacitor Board Material 0.0625" Teflon Fiberglass e«, = 2.5 + 0.05 
R1 2.7 kO 


Figure 1. 1 GHz Test Circuit 


MOTOROLA RF DEVICE DATA 
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MRF2369 


TYPICAL CHARACTERISTICS 
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ae sees 
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Vep, EMITTER BASE nee (Vdc) 


Veb, COLLECTOR BASE VOLTAGE (Vdc) 


Input Capacitance versus Emitter 


Figure 3. Cip, 


Cob, Collector Output Capacitance 


Figure 2. Cop, Collector-Base Capacitance 
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Figure 5. Gain at Noise Figure and 
Noise Figure versus Collector Current 


Figure 4. Gain at Noise Figure and Noise Figure 


versus Frequency | 
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Figure 6. Gy max and |S24|2 versus Frequency 


Figure 7. Gain-Bandwidth Product versus 


Collector Current 
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MRF2369 


VCE 
(Volts) 
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Figure 8. Common Emitter S-Parameters 


MOTOROLA RF DEVICE DATA 
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| AD 


MRF2369 


q" 
NOTE: The Printed Circuit Board shown is 75% of the original. 


Figure 9. Photomaster of Circuit Layout 


Figure 10. Test Circuit 


MOTOROLA RF DEVICE DATA 
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MOTOROLA 


=i SEMICONDUCTOR mam 


TECHNICAL DATA 


‘The RF Line _ 


NPN SILICON RF POWER TRANSISTOR 


Designed for 12.5 volt VHF large-signal power amplifiers in 
commercial and industrial FM equipment. — | 


@ Compact .280 Stud Package 


® Specified 12.5 V, 175 MHz Performance 
Output Power = 15 Watts — | 
Power Gain = 12 dB Min 
Efficiency = 60% Min 


@ Characterized to 220 MHz a 
@ Load Mismatch Capability at High Line and Overdrive . 


MAXIMUM RATINGS 
Rating Symbol Value 


Collector-Emitter Voltage ae 18 

Collector-Base Voltage 36 
Emitter-Base Voltage 

| Collector-Current — Continuous 2.5 

40 

TJ 200 


Total Device Dissipation @ Tp = 25°C 
Derate above 25°C 0.23 


Tste —65 to + 150 


Storage Temperature Range 
Junction Temperature 
THERMAL CHARACTERISTICS 


Characteristic 


Thermal Resistance, Junction to Case 


MOTOROLA RF DEVICE DATA 


2-1033 


_ MRF2628 


15 W 136-220 MHz — 


RF POWER. 


_ TRANSISTOR 


NPN SILICON | 


So]. . 
\ seatine PLANE | ¢ 


| 


STYLE 1: 
PIN 1. EMITTER 
2. BASE 
3. EMITTER 
4, COLLECTOR 


CASE 244-04 


MRF2628 


ELECTRICAL ChAnACTEH Te = 25°C unless otherwise noted. ) 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage V(BR)CEO 
(Ic = 25 mAdc, Ig = 0) 
Collector-Emitter Breakdown Voltage V(BR)CES 
(i¢ = 25 mAdc, VBE = 0) 
Emitter-Base Breakdown Voltage . V(BR)EBO 
(l—E = 5.0 mAdc, Ic = 0) 
Collector Cutoff Current ICBO mAdc 
(VcB = 15 Vde, Ie = 0) 


ON CHARACTERISTICS 


DC Current Gain 
(Ic = 500 mAdc, VcgE = 5.0 Vdc) 


DYNAMIC CHARACTERISTICS 


Output Capacitance 
(Veg = 15 Vde, Ig = 0, f = 1.0 MHz) 


FUNCTIONAL TESTS (Figure 1) 


Common-Emitter Amplifier Power Gain 
(Vcc = 12.5 Vde, Pout = 15 W, f = 175 MHz) 


Collector Efficiency . . 
(Vcc = 12.5 Vde, Pout = 15 W, f = 175 MHz) 


Load Mismatch 
(Vcc = 16.5 V, Pin = 2.0 dB Overdrive, Load VSWR = 30:1) 


wy No Degradation in 
Output Power 


FIGURE 1 — BROADBAND CIRCUIT 


€-+12.5V 


C1, C10, C11 = 1000 pF Ceramic Chip Capacitor Copper Pad, 0.200 x 0.400 x 0.060 

C2 = 27 pF Mini Unelco Capacitor = 1/4” #18 AWG into 1/8” High Loop 
C3 = 33 pF Mini Unelco Capacitor = 3 Turns #24 AWG Enameled, 3/32” ID 
C4, C5 = 270 pF Unelco J101 Capacitor = 6 Turns #24 AWG Enameled, 3/32” ID 
C6, C9 = 18 pF Mini Unelco Capacitor = 1 3/4" #16 AWG into 3/4” High Loop 
C7 = 91 pF Mini Unelco Capacitor 12 0, 1/2 W Carbon 

C8 = 68 pF Mini Unelco Capacitor 100 Q, 1.0 W Carbon 

C12 = 0.1 «F Monolythic Capacitor 10 ©, 1.0 W Carbon 

C13 = 100 pF, 15 V Electrolytic . = 0.15 wH Molded Choke 

L1 = 3 Turns #18 AWG, 3/16” ID = Ferrocube Choke, VK200-4B 

L2 = 1 1/8" #18 AWG into 1/2” High Loop 


MOTOROLA RF DEVICE DATA 
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FIGURE a OUTPUT POWER versus INPUT POWER 


- FIGURE 2 — OUTPUT POWER versus FREQUENCY. 
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f, FREQUENCY (MHz) 
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FIGURE 6 — OUTPUT POWER versus SUPPLY VOLTAGE 
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0 1 
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FIGURE 7 — OUTPUT POWER versus SUPPLY VOLTAGE 
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MRF2628 


FIGURE 8 — TYPICAL PERFORMANCE IN A FIGURE 9 — SERIES EQUIVALENT IMPEDANCE 
BROADBAND CIRCUIT 


0 
REFLECTION COEFFICIENT ty = 48 
REES 


0-07 WARD LOA 
S ANGLE oF 


Gpe, POWER GAIN (dB) 


Nc COLLECTOR EFFICIENCY 


JinaNodwod BONVLSISSU 7 


af 0Z 
EI 


' 
‘ 


Bg ne 


iRey 


1 ; laces estes, are 
+ nae i ae 
+ i? >Normalized to 10 0x 


f, FREQUENCY (MHz) 


INSNOEWOD FONVINANOD UO ‘{. 


0.62 + j0.39 
0.69 - j0.17 
0.68 — j0.61 
0.59 - j0.80 


5.25 ~ j2.46 
5.26 — j3.46 
5.23 - j4.14 
5.07 - j4.76 


*ZOL = Conjugate of the optimum load impedance into 
which the device operates at a given output 
power, voltage, and frequency. 


FIGURE 10 — BROADBAND TEST CIRCUIT 


MOTOROLA RF DEVICE DATA 


2-1036 


MOTOROLA 
= SEMICONDUCTOR SRA PRI 
TECHNICAL DATA 


The RF Line ae ee MRF3866 
NPN Silicon | 
High Frequency Transistor , — 
| | SURFACE MOUNT 
. designed for amplifier and oscillator pplication’ in industrial equipment constructed RF TRANSISTOR 


with surface mount components. | | | fe NPN SILICON 
@ Low Cost SORF Plastic Surface Mount Package 7 , 7 | se 


® Guaranteed RF Specification — |$94|2 

@ S-Parameter Characterization 

@ Complement to MRF5160 | 

® Tape and Reel Packaging Options Available 


MAXIMUM RATINGS 


< 


ach 
too 


-CASE 751-03 
SO-8 


THERMAL CHARACTERISTICS 


Characteristic 


Total Device Dissipation, Ta = 25°C 
Derate above 25°C 


Storage Temperature 
_| Thermal Resistance Junction to Ambient 
ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic ‘ 


OFF CHARACTERISTICS 


wen [= [— ] — | 

Collector-Emitter Sustaining Voltage fe = 5mA)- . . | Vceo(sus) | 30 | — | 
|[olestorBese Breakdown Votage ic =01ma)——=SSSS~*d«tumicno | 85 | — | 
Se eee 
one. 


Collector Cutoff Current (VcE = 55 V, VpE = —1.5 V Reverse) . . 
ON CHARACTERISTICS 


DC. Current Gain 
(Ic = 0.36 A, VcE = 
(I¢ = 0.05 A, VcE = 


Collector-Emitter Saturation Voltage (Ic = 100 mA, Ip = 20 mA) | -— | 


Collector-Emitter Breakdown Voltage (Ic = 5 mA, Rpe = 10 2) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
uCe = 50 mA, VcE = 15 V, f = 200 MHz) 


MCTOROLA RF DEVICE DATA 


2-1037 


MRF3866 


COMMON EMITTER S-PARAMETERS 


VCE 
(Volts) 


~ MOTOROLA RF DEVICE DATA 


2-1038 


- MOTOROLA : | | _ hee 
a ee. nied 
pee ee | MRF4070 


The RF Line 2 eam, 
3 — 70W 175 MHz 
CONTROLLEDOQ 
RF POWER 
oo _ TRANSISTOR . 
NPN SILICON RF POWER TRANSISTOR oe ee. 
| | } pekina Si) NPN SILICON 


hee designed for 12.5 Volt VHF large-signal amplifier applications in. 
industrial and commercial FM equipment operating to 175 MHz. 


® Specified 12.5 Volt, 175 MHz Characteristics — 


Output Power = 70 Watts 
Minimum Gain = 5.0 dB 
Efficiency = 55% 


@ Characterized With Series Equivalent Large-Signal Impedance 
Parameters . ; 


® Built-In Matching Network for Broadband Operation 


@ Capable of Withstanding VSWR of 20:1 at Rated Poyt and 1 5.5V 


MAXIMUM RATINGS 


STYLE 1: 
PIN 1. EMITTER 
2. COLLECTOR 
3. EMITTER 
4. BASE 
NOTE: oe 
FLANGE IS ISOLATED IN ALL STYLES. 


Collector-Emitter Voltage 


-Collector-Base Voltage 


MILLIMETERS |. INCHES 
MIN | MAX 

24.38 | 25.14 | 0.960 
12.45 | 1295 | 0490 | 0.510 
5.97 | 7.62 | 0.235. 
[o210 | 0.220 -| 


Total Device Dissipation @ Tc = 25°C 
Derate Above 25°C 


Storage Temperature Range 


THERMAL CHARACTERISTICS 


160 
0.160 
a 


CASE 316-01 


MOTOROLA RF DEVICE DATA 


2-1039 


MRF4070 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 


OFF CHARACTERISTICS 


| Collector-Emitter Breakdown Voltage 
(Ic = 50 mAdc, Ip = O) 


Collector-Emitter Breakdown Voltage 
(Ic = 50 mAdc, Vee = 0) 


Emitter-Base Breakdown Voltage 
(IE = 10 mAdzé, Ic = 0) 


Collector Cutoff Current . 
(VcE = 12.5 Vde, Vee = 0; Tc = 25°C) 


ON CHARACTERISTIC 


DC Current Gain . i 
(ig = 1.0 Ade, Veg = 5.0 Vdc) 


DYNAMIC CHARACTERISTICS 


Output Capacitance . 
(VcB = 15 Vdc, Ie = 0, f = 1.0 MHz) 


FUNCTIONAL TESTS (Figure 1) 


Common-Emitter Amplifier Power Gain 
(Vcc = 12.5 Vde, Poyt = 70 Watts, F=175 MHz) . 


Input Power ane? 
(Vcc =12.5 Vdc, Pout = 70 Watts, f= 175 MHz) 


Collector Efficienty 4 
(Vec = 12.5 Vde, Poy = 70 Watts, f = 175 MHz) 


Ll! c14 B 
O—oO—(_{}-0 + 


12.5 Vde 
C12 ~1C13 , 


| RFC2 
| RFC1 


DUT . C10 a 
ee i P ) aaa 
7 Input = | Zi | | 22 eZee ae 


c2 c3/: |c4 a c7 cs} |c9 


C1, C10 — 470 pF Unelco- Z1 = Microstrip 0.56 cm Wx 3.5 cm L RFC1 = 0.15 wH Molded Choke | 
C2 — 40 pF Unelco Z2 = Microstrip 0.56 cm Wx 9.0 cm L RFC2 = 10 Turns #18 AWG Enameled 
C3, C4, C5, C6 — 150.pF Unelco Z3 = Microstrip 0.5 cm Wx 1.0 cmL . Wire on 470 OQ, 2.0 W Resistor 

C7 = 80 pF Unelco = .  Z4= Microstrip 0.5 cmWx 1.0 cmL L1=2.0cm AWG #16 Wire 
C8— 25 pF Unelco . © 25 = Microstrip 0.5 cm Wx 1.0 emL 
C9 — 15 pF Unelco 26.=Microstrip0.5cmWx9.0cmt B= Fairite #2643021801, Ferrite Bead — 
C11, C14 — 1000 pF Unelco : | Board Material = G10 
C12 — 0.05 pF Erie Disc Ceramic 


: ; €r = 5 
C1 3 — 10 »pF Electrolytic 


t= 62 mils 


MOTOROLA RF DEVICE DATA 


9LANAN 
a” IVS 


¢ 


MRF4070 


‘FIGURE 2 — OUTPUT POWER versus INPUT POWER | FIGURE 3 — OUTPUT POWER versus INPUT POWER | 


a 155: MHz 


ge 
as 
fa 


Pout OUTPUT POWER (WATTS) 


Pin, INPUT POWER (WATTS) | | Pin INPUT POWER (WATTS) 
FIGURE 4 — OUTPUT POWER versus FREQUENCY FIGURE 5 — SERIES EQUIVALENT IMPEDANCE 
100 080 ar 
ape Oe ae ae Fea aR 
ae = Baie ie 
er ee cies ele aes 
a CEES an, 
i Lid! 
a Ce ) 
i ek ies ie oe WN 
= es ae a TELE NACE SN Ne 
=i (vel Ue ne Sa anf} vere |S 
re es aa Sa el % 
Ss et Ga a a ea 
a eC 


f; FREQUENCY (MHz) at a given output power, voltage, and frequency. 


MOTOROLA RF DEVICE DATA — 
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MRF4070 


FIGURE 6 — OUTPUT POWER versus 


FIGURE 7 — OUTPUT POWER versus VOLTAGE 
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FIGURE 8 — OUTPUT POWER versus VOLTAGE 


RETURN LOSS, EFFICIENCY versus FREQUENCY 


(%) AINII9I443 So eS 


7.0 
0 
0 


[ou] N 


-14 
-16 

8 
-24 


ie is «(@P) NIVO 
ae 
(ap-) SSO7 NYNL3Y 


ee 
un 


NVI titty 


ENA ALT ILL TF 


136 MHz 


f 


oS fom] 


(SLLVM) YIMOd LNd ino 2g 


NAAT AL TLL T A 


“ASNT. 
PTT NAA ET 
PAK ELE. 
ReveEre 
PTT TT 


~ f, FREQUENCY (MHz) 


Vec. COLLECTOR VOLTAGE (VOLTS) 


MOTOROLA RF DEVICE DATA 


2-1042 


MOTOROLA 
TECHNICAL DATA 


The RF Line | MRF5160 


PNP Silicon | 
High Frequency Transistor 


... designed for amplifier, oscillator or frequency multiplier applications in industrial RF TRANSISTOR 
equipment. Suitable for use as a Class A, B or C output driver or pre-driver stages in PNP SILICON 
VHF and UHF. . 


@ Complement to MRF3866_| 

@ Low Cost SORF Plastic Surface Mount Package 
@ Guaranteed RF Specification — |S94/2 

e S-Parameter Characterization 


@ Tape and Reel Packaging Options Available 8 S&S 


i 


SURFACE MOUNT 


CASE 751-03 
SO-8 


MAXIMUM RATINGS 


THERMAL CHARACTERISTICS 


Total Device Dissipation, Ta = 25°C 1 Watt 
Derate above 25°C 8 mW/°C 


Storage Temperature Tstg 150 
Thermal Resistance Junction to Ambient 


oT 
ELECTRICAL CHARACTERISTICS (Ta, = 25°C unless otherwise noted.) 
a 


OFF CHARACTERISTICS 

[Colestorsmiter Sustsning Vokage ig =SmA)——SSS~*™ CO | | 

[EmiterBase Breakdown Vokage ie = avma)———~S~S pric || 

[cotector toh Curent Veg = av) SSCS go P= 
aw 
aes 


Collector Cutoff Current (VcfE = 60 V) ICES 
Emitter Cutoff Current (VcE = 28 V) ICEO 


ON CHARACTERISTICS 


ae Re ee 


SMALL-SIGNAL CHARACTERISTICS 
Current-Gain — Bandwidth Product (Ic = 50 mA, Vcge = 15 V, f = 200 MHz) 


Insertion Gain (VcE = 15 V, I¢ = 50 mA, f = 400 MHz) 


MOTOROLA RF DEVICE DATA | 


2-1043 


MRF5160 


COMMON EMITTER S-PARAMETERS 


VCE Ic 
(Volts) (mA) 


15 


MOTOROLA RF DEVICE DATA 


2-1044 


‘MOTOROLA 3 | Mace 
= SEMICONDUCQR ayy 
TECHNICAL DATA - : 


-MRF5174 


2W — 400 MHz 
RF POWER 
NPN SILICON RF POWER TRANSISTOR eas 
NPN SILICON 


Sus designed primarily for wideband large-signal driver and pre- 
driver amplifier stages in the 260-600 MHz frequency range. 


© Specified 28-Volt, 400-MHz Characteristics — 


Output Power = 2.0 Watts : 
Minimum Gain = 12 dB 
Efficiency = 50% 


® Characterized from 200 to 600 MHz 


@ Includes Series Equivalent Impedances 


f 
Cc 
| 


L ; 


MAXIMUM RATINGS 


pating | symbor_ | vate | unit 
[collector-Sawe Voltoge —~—~S~*~*~srSCw | |e 
Collector Current — Continuous Flee 2 0S | Adc 
Total Device Dissipation @ Ta = 25°C (1) pee ae | Watts 
Derate above 25°C. 28 mw/°c | 
Storage Temperature Range 


' (1) This device is designed for RF operation. The total device dissipation rating applies 
only when the device is operated as an RF amplifier. 


STYLE 1: 
PIN 1. EMITTER 
2. BASE 
3. EMITTER 
4. COLLECTOR 


MILLIMETERS | INCHES | 
| MIN | MAX [MIN | 


THERMAL CHARACTERISTICS : 
Ch eee | eet | Ser) om 


| MOTOROLA RF DEVICE DATA 


0.070 


[| 0.115 | 0.145 


CASE 244-04 


2-1045 


MRF5174 


ELECTRICAL CHARACTERISTICS (Tc= 25°C unless otherwise weted:y. 


moot | min | typ | Max | unit __| 


V(BR)CES 


OFF CHARACTERISTICS — 


Collector-Emitter Breakdown Voltage 
(Ic = 20 mAdc, |g = 0) 


Collector-Emitter Breakdown Voltage 
(Ic = 20 mAdc, Vge=0) | 


Emitter-Base Breakdown Voltage 
(le = 1.0 mAde, Ic = 0) 


Collector Cutoff Current 
(Vcpg = 30 Vdc, Ig = 0) : 


ON CHARACTERISTICS | 


DC Current Gain 


(I¢ = 100 mAdc, VcgE = 5.0 Vde) 


DYNAMIC CHARACTERISTICS 


FUNCTIONAL TESTS (Figure 1) 


Common-Emitter Amplifier Power Gain 
(Voc = 28 Ve, Poyt = 2.0 W, f = 400 MHz) 


Collector Efficiency — | ae 
(Voc = 28 Vde, Pout = 2.0 W, f = 400 MHz) 


FIGURE 1 — 400 MHz TEST CIRCUIT SCHEMATIC 


C1,9. —0.02 wF Chip | 
-C2 © —0.0-10 pF Johanson 2951 


‘C3 — 15 pF Unelco 
‘C4 — 100 pF Unelco 


C5,6 —5.1 pF ATC 100 mil Chip 
C7,8 -—.0.8-20 pF Johanson 3906 
C10, 12 — 680 pF Feedthru 

C11 — 1.0 wF Tantalum 35 V 


R1 — 2.7 Ohm 1/2 Watt 


L4 C10 


RF 
Output 


L1 — 3.9 wH Molded Choke . 
L2,4 — Ferrite Bead Ferroxcube 56-590-65-38 
L3.  —0.15 wH Molded Choke 


L5 § —Ferrite Choke VK200-20-4B 
Z1-Z5 — Microstrip, See Photomaster 


Board Material — 0.062” Glass Teflon: 


MOTOROLA RF DEVICE DATA 
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MRF5174 


FIGURE 2 — OUTPUT POWER versus FREQUENCY FIGURE 3 — OUTPUT POWER versus INPUT POWER 


Pout, OUTPUT POWER (WATTS) 
Pout, OUTPUT POWER (WATTS) 


150 200 250 300 350 400 450 500 550 600 650 0 50 100 150 200 250 
f, FREQUENCY (MHz) Pin, INPUT POWER (mW) 
FIGURE 4 — OUTPUT POWER versus SUPPLY VOLTAGE FIGURE 5 — SERIES EQUIVALENT IMPEDANCE 


a8 7 
ities SOS ines 


Zin 0 


OR 400 MHz | 0.1-j0.5| 25-j57 | \" 


Pout, OUTPUT POWER (WATTS) 


\ 


ce an 


Vec, SUPPLY VOLTAGE (VOLTS) 


output operates 
at a given output power, voltage, and frequency. 


FIGURE 6 ~— 400 MHz TEST CIRCUIT 


MOTOROLA RF DEVICE DATA 
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MOTOROLA 
SENMICO! 
TECHNICAL DAT. 


MRF5175 


5 W — 400 MHz 


| | The RF Line : 
RF POWER 


NPN SILICON RF POWER TRANSISTOR TRANSISTOR 


NPN SILICON 


... designed primarily for wideband large-signal driver and predriver 
amplifier stages in the 200-600 MHz frequency range. 


® Specified 28-Volt, 400-MHz Characteristics — 
Output Power = 5.0 Watts 
Minimum Gain = 11 dB 
Efficiency = 50% 


® Characterized from 200 to 600 MHz 


® Includes Series Equivalent Impedances 


MAXIMUM RATINGS 


; ane STYLE 1: 
Emitter-Base Voltage PIN 1. EMITTER 
: oo 2. BASE 
Collector Current — Continuous oaks 3. EMITTER 


4, COLLECTOR 


Total Device Dissipation @ T, = 25°C (1). 
Derate above 25°C . 


vs MILLIMETERS | INCHES 
Stora R 
Ge emapera tite 2200? , bia [MIN | MAX [MIN | MAX 
: Basen: : . ‘ taal: : P A 7.06 7.26 0,278 0.286 
(1) This device is designed for RF operation. The total device dissipation rating applies B 620 1 650 | 0.244 | 0.256 
only when the device is operated as an RF amplifier. C 499 | 1651 | 0.590 | 0.650 
rn 7 ; D 5.46 5.96 0.215 0.235 
THERMAL CHARACTERISTICS F at | _E 1.40 | 165 | 0.055 | 0.065 
F 152 | — | 0060 | — 
| Characteristic Symbol J: | 0.08 0.17 | 0.003 | 0,007 
K 11.05 _ 0.435 _ 


Thermal Resistance, Junction to Case Resc 12 


292 | 3.68 


M 45° NOM 45° NOM 
P 1.27 = 0,050 
S 3.00 | 325 | 0.118 | 0.128 
T 140 | 1.77 | 0.055 | 0.070 
U 0.115 


0,145 


CASE 244-04 


2-1048 


MRF5175 


_ ELECTRICAL CHARACTERISTICS (T, 
Characteristic 


= 25°C unless otherwise noted.) 


VieR)CES - 60 ed ae, ; co 8 
PE 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(I¢ = 30 mAdc, Ig = 0) | 


Collector-Emitter: Breakdown Voltage 
(Ico = 30 mAdc, Vee = 0) 


Emitter-Base Breakdown Voltage _ 
(ig = 1.0 mAdc, Ic = 0) 


Collector Cutoff Current 
(Vcg = 30 Vdc, Ig = 0) 


ON CHARACTERISTICS 


DC Current Gain . 
(Ic = 250 mAdc, VcE = 5.0 Vde) © 


DYNAMIC CHARACTERISTICS 


Output Capacitance 
~ (Veg = 30 Vdc, Ie = 0, f = 1 0 MHz) 


FUNCTIONAL TESTS (Figure 1) . 
Common-Emitter Amplifier Power Gain 
(Vee = 28 Vide, Pout = 5:0 W, f = 400 MHz) 
Collector Efficiency . 
(Voc = 28 Vde, Pout = 5.0 W, f = 400 MHz) 


FIGURE 1 — 400 MHz TEST CIRCUIT SCHEMATIC 


Input 


C1,C10. 0.018 LF VITRAMON Chip “ oo LA 6 Turns, #20 AWG, 1/8” 


C2,C3,C9 1 .0-10 pF JOHANSON Type 2951 _ “ee “LS. . Ferrite Choke, eee ie VK200-20-4B 
C4 1.0-20 pF JOHANSON Type 3906. ~ e = RT 2.7 Ohm, 41/8 Watt, 10% 
cS . 100 pF UNDERWOOD (UNELCO) ° : wok RO 5.4 Ohm, 1/8 Watt, 10% 
C6,C7 5.0 pF ATC Chip ? : ; 
c8 0.1 pF ERIE Disc Ceramic 21,23 Microstrip Line, 0.1". Wx 0.5" L 
C11,C12 680 pF ALLEN BRADLEY Feedthru Z2 Microstrip Line, 0.1". W x 0.4L 
zZ4 Microstrip Line, 0.075'' Wx 2.5° L 
L1 3:9 wH Molded Choke 
L2 Ferrite Bead, FERROXCUBE 56-590-65-3B Board — Glass Teflon, €p = 2.56, t = 0.062 
L3 4 Turns, #22 AWG, 0.1" 1D Input/Output Connectors — Type N 


MOTOROLA RF DEVICE DATA 
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MRF5175 


B feces 
a = 
E < 
ane 
fe & ae 
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5 4 . 
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f, FREQUENCY (MHz) Pin, INPUT POWER (mW). 


FIGURE 5 — SERIES EQUIVALENT IMPEDANCE . 
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Voc, SUPPLY VOLTAGE (VOLTS) 


FIGURE 6 ~- 400 MHz TEST CIRCUIT 


MOTOROLA RF DEVICE DATA 
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MOTOROLA | | | | a 
TECHNICAL DATA 


MRF5583 


ne ne oat ky, wee Ge a a “5 = DIE SOURCE SAME AS 
PNPSilicon 
High Frequency Transistor —- 
- SURFACE MOUNT — 


. designed for amplifier, oscillator or frequency multiplier applications in industrial nee RF TRANSISTOR 
equipment. Suitable for use as a Class A, B or C output driver or pre= “driver midges in. . ~ PNP- SILICON: 
VHF and UHF. oe ee ee ee ee OB us 3 


@ Low Cost SORE Plastic Stivface Mount pucitige 
® Guaranteed RF Specification — |So4|2 

@ S-Parameter Characterization 

® Tape and Reel Packaging Upions: Available 


CASE 751-03 — 


MAXIMUM RATINGS 


Collector-Emitter Voltage 


Collector-Base Voltage . 


Emitter-Base Voltage | | a 


Collector Current — Continuous 


Operating and Storage Junction Temperature Range . fake Si —55 to +150 — 


THERMAL CHARACTERISTICS 


Total Device Dissipation, TA = 25°C 
Derate above 25°C 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 
_OFF CHARACTERISTICS 
Collector-Emitter Breakdown Voltage (Ic = 10 mA) 


Gece 30 
V(BR)EBO 3 


ICBO 
Emitter Cutoff Current (Veg = 2 V) lEBO 


(continued) 


MOTOROLA RF DEVICE DATA 


2-1051 


MRF5583 


ELECTRICAL CHARACTERISTICS — continued (Ta = 25°C unless otherwise noted.) 


Characteristic 


ON CHARACTERISTICS | 
DC Current Gain (Ic = 40 mA,VcE = 2.V)_ hFeE =| 20 
(Ic = 100 mA, VcE = 2 V) = 

‘(Ie = 300 mA, VcE = 5 V) 


Collector-Emitter Saturation Voltage (Ic = 100 mA, Ip = 10 mA) eee [= [=e 

Base-Emitter On Voltage (Ic = 100 mA, VcgE = 2 V) 
SMALL-SIGNAL CHARACTERISTICS 

Current-Gain — Bandwidth Product (ic = 35 mA, Vcg = 15 V, f = 100 MHz) 

Insertion Gain (VcE = 15 V, Ic = 35 mA, f = 250 MHz) | 12 


MOTOROLA RF DEVICE DATA | 


'2-1052 


MOTOROLA 
= SEMICONDUCTOR @ 
TECHNICAL DATA 


MRF5711 
_ BF430* — 
MRF5711L 
BF430L* 


*European Part Numbers 


The RF Line 
NPN Silicon | 
High-Frequency Transistors 


... designed primarily for use in the high-gain, low-noise small-signal amplifiers - 
_ for operation up to 3.5 GHz. Also usable in applications requiring fast switching eget at 
— . SURFACE MOUNTED 


times. 

— @ High Current-Gain-Bandwidth Product — ft = 7.5 GHz (Typ) @Ic = 50 mAdc jen FREQUENCY 
® Low Noise Figure @ f = 1 GHz — NF(matched) = 1.6 dB (Typ) | NeachiCGn: “s 
@ High Power Gain — Gne (matched) = 13-5 dB (Typ) ee 


® Guaranteed RF Parameters 
® Surface Mounted SOT-143 Offers Improved RF Performance 
Lower Package Parasitics 
Higher Gain “ed . 
® Available In Both Standard Profile (MRF5711) and Low Profile (MRF5711L) 
® Tape and Reel Packaging Options 


CASE 318B-03, STYLE 1 
SOT-143 


MAXIMUM RATINGS 


Symbol Value 
Total Device Dissipation @ Ta = 25°C | 
Derate above 25°C ; 4.64 mW/°C 
Total Device Dissipation'1) @ Tce = 75°C ee ae Watts 
Derate above 75°C 7.73 | mWw/PC 
[ Maximum Junction Tenpersre——=S=SSCSC~C~“~“~“*~*‘“~*~*~drCSTe | wd 
‘THERMAL CHARACTERISTICS a | a 
[Thermal fesistene, Juraionto Cose Sid 


DEVICE MARKING 


MRF5711 = 02 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) ; 


Charnes «| ‘Symbot | in| typ Ma [Ua 


OFF CHARACTERISTICS 


Rating 


Collector-Emitter Voltage 


Collector-Emitter Breakdown Voltage 


Note 1. Case Temperature is measured on the collector lead where it first contacts (continued) 
the printed circuit board closest to the package. 


MOTOROLA RF DEVICE DATA 


- 2-1053 


MRF5711, MRF5711L 


ELECTRICAL CHARACTERISTICS — continued (Tc = 25°C unless otherwise noted.) 


ON CHARACTERISTICS 


DC Current Gain nFE 300 
(I¢ = 30 mAdc, VcgE = 5 Vdc) 


DYNAMIC CHARACTERISTICS 


Collector-Base Capacitance Figure 1 
(Vcp = 6 Vdc, Ie = 0, f = 1 MHz) 


Current Gain — Bandwidth Product Figure 7 
(VcE = 8 Vde, Ic = 50 mA, f = 1 GHz) . 


FUNCTIONAL TESTS 


Power Gain at Minimum Noise Figure Figure 5 GNEmin 13.5 
(VcE = 6 Vde, Ic = 5 mA, f = 1 GHz) 


(VcE = 6 Vde, Ic = 5 mA, f = 1 GHz) 


Power Gain in 50 2 System 
(VcE = 6 Vdc, Ic = 5mA,f = 1 GHz) 


Noise Figure 
(VcE = 6 Vde, Ic = 5 mA, f = 1 GHz) 


Vce = 6 Vde 
Ic =5mA 


Ww 


NF, NOISE FIGURE (dB) 


rT 
Eva 
At ld 
Feczer 
f| 
Gye, GAIN (dB) 


BRO 


Cop, COLLECTOR-BASE 


CAPACITANCE (pF) 


0 2 4 6 8 10 0.15 0.2 0.5 
Vob, COLLECTOR-BASE VOLTAGE (VOLTS) f, FREQUENCY (GHz) 
Figure 1. Collector-Base Capacitance Figure 2. Gain and Noise Figure 
versus Collector-Base Voltage versus Frequency 


VcE = 6 Vde *MICROLAB 
HW-XXN 
AS APPLICABLE 


RF OUTPUT 


**SLUG TUNER 


*BIAS 
TEE 


RF {NPUT 


*BIAS **SLUG TUNER by 
TEE 


= **MICROLAB/FXR 
SF — 11N < 1 GHz 
SF — 31N > 1 GHz 


Figure 3. Functional Circuit Schematic 


MOTOROLA RF DEVICE DATA 
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MRF5711, MRF5711L. 


(TTA 


TYPICAL CHARACTERISTICS 
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Figure 5. Gain and Noise Figure — 


f, FREQUENCY (GHz) - 


Figure 4. Gain and Noise Figure 


versus Frequency 


versus Collector Current 


iUyYUy 
70400000 
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Figure 7. Gain Bandwidth Product . 
versus Collector Current 


|So1/2 


(1 —|S44/4)(1—|Sa9/4} 


versus Collector Current. 


Figure 6. Gain and Noise Figure 


(@P) NIVD ea pue 1 XUN 


Ic, nlite CURRENT (mA) 


f, FREQUENCY (GHz) 


Figure 9. Insertion Gain 
versus Collector Current 


Figure 8. Gymax and |S24|2 
versus Frequency 


MOTOROLA RF DEVICE DATA 
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MRF5711, MRF5711L 


Figure 10. Common Emitter S-Parameters 


MOTOROLA RF DEVICE DATA 


2-1056 


ai SEMICONDUCTOR } 


MOTOROLA 
TECHNICAL DATA 


i ie oe oe Oe ie -MRF5812 
The RFLine eee BF433* 

NPN Silicon - 
RF Low Power Transistor 


_ *European Part me 


. _ SURFACE MOUNT 
.. designed for high current, low power amplifiers up to 2 GHz. | : LOW POWER 
@ High Current Gain-Bandwidth Product — uN = 5.5 GHz (Typ) @Ig = 75 mA este TRANSISTOR 
@ Low Noise — 2 dB (Typ) @ 500.MHz | . os NPN SILICON | 
@ Low Intermodulation Distortion Bi “2 
® High Gain — 15.5 dB (Typ) @ 500 MHz 
® Low Cost SORF Plastic Surface Mount Package 
® State-of-the-Art Technology 
Fine Line Geometry 
Gold Top Metal and Wires 
Silicon Nitride Passivated 
lon Implanted Arsenic Emitters . 
@ Die Same. as MRF581,A a. CASE 751-03, STYLE 1 . 
. ‘SORF 


MAXIMUM RATINGS 


Collector-Current — Continuous 


Total Device Dissipation @ Tc = 80°C (1) 
Derate above 80°C 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


Operating Junction and Storage Temperature Range 


THERMAL CHARACTERISTICS 


Characteristic 
Thermal Resistance, Junction to Case | RgJc 


Thermal Resistance, Junction to Ambient 
ELECTRICAL CHARACTERISTICS ee = 25°C unless otherwise noted.) 


OFF CHARACTERISTICS 


Emitter-Base Breakdown Voltage (Il— = 0.1 mAdc, Ic = 0) V(BR)EBO 


Collector Cutoff Current (VcB = 15 Vde, Vee = 0, Tc = 25°C) ICBO 
ON CHARACTERISTICS 


DC Current Gain (Ic = 50 mAdc, Vcg = 10 Vdc) NFE 30 90 — 200 


(1) Case temperature is measured on the collector lead where the lead contacts the printed (continued) 
circuit board closest to the body of the package. 
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MRF5812 


ELECTRICAL CHARACTERISTICS — continued (Tc = 25°C unless otherwise noted.) 


ae ——“ eas i is ee ae 


DYNAMIC CHARACTERISTICS 
Collector Base Capacitance 
(VcB = 10 Vdc, Ie = 0, f = 1 MHz) 
Current-Gain Bandwidth Product (1) 
(Ic = 75 mAdc, VcgE = 10 Vdc, f = 1 GHz) 


FUNCTIONAL TESTS 


Noise Figure (Optimum) 
(Ic = 50 mAdc, VcgE = 10 Vdc, f = 0.5 GHz) Figure 4 


Noise Figure (50 Ohm Insertion) 
(Ic = 50 mAdc, VcgE = 10 Vdc, f = 0.5 GHz) Figure 5 


Power Gain Associated with Noise Figure 
(i¢ = 50 mAdc, Vce = 10 Vdc, f = 0.5 GHz) Figure 5 


Maximum Unilateral Gain (1) 
(ic = 75 mAdc, Vcg = 10 Vdc, f = 0.5 GHz) 


Intermodulation Distortion (2) Figure 1 
(VCE = 10 V, Ic = 75 mA, Vout = +50 dBmvV) 


S212 
(1 — |S44/2) (1 ~ [S2al2) 
(2) 2 Tones, f1 = 497 MHz, f2 = 503 MHz, 3rd Order Single Tone Reference. 


Notes: (1) Characterized on HP8542 Automatic Network Analyzer. GUmax = 


*HP11590B BIAS  **MICROLAB FXR 
VBE'> NETWORK SF-11N FOR f <1 GHz ¢ Vee = 10 Vde 
SF-31N FOR f > 1 GHz 


KEE 


RF OUTPUT 


***HP11608A TRANSISTOR FIXTURE 


Figure 1. Functional Circuit Schematic 


TYPICAL CHARACTERISTICS 
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Figure 2. Cjp input Capacitance versus Voltage Figure 3. Cop, Cob Collector-Base Capacitance 
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Figure 6. GUmax — Maximum Unilateral Gain, 
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Figure 7. GAmax, Maximum Available Gain _ 
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Figure 10. Common Emitter S-Parameters 


MOTOROLA RF DEVICE DATA 


2-1060 


MOTOROLA 


a SEMICONDUCTOR 
TECHNICAL DATA 


MRF5943 


_ DIE SOURCE SAME AS 
. 2N59430— 


The RF Line | 
NPN Silicon 
High Frequency Transistor | 


-. SURFACE MOUNT 
RF TRANSISTOR 
NPN SILICON: 


a designed for amplifier, oscillator or frequency multiplier applications in industrial . 
equipment. Suitable for use as a Class A, B of C output driver or pre-driver stages in 
VHF and UHF. fag reeks re ue ‘Vey et 
@ Low Cost SORF Plastic Surface Mount Package. 

@ Guaranteed RF Specification — |S21|2 _ . 

e S-Parameter Characterization > : 

e Tape and Reel Packaging Options Available 


eo 


CASE 751-03 
'§$0-8. °° 


MAXIMUM RATINGS | ne | Gt, 7 


Collector-Emitter Voltage | | VCEO 


Operating and Storage Junction Temperature Range | - | Ty Tstg | — 55 to.+ 150 


THERMAL CHARACTERISTICS 


Total Device Dissipation, Ta = 25°C 
Derate above 25°C 


Storage Temperature : | 
Thermal Resistance Junction to Ambient . : 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) _ 


SC haracate SS~*d Sab] in | Ta | Wow [Ue 


OFF CHARACTERISTICS 


(continued) 
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ELECTRICAL CHARACTERISTICS — continued (Ta = 25°C unless otherwise noted.) 


oc n 


ON CHARACTERISTICS 


DC Current Gain tlc = 80 mA, VoE = 15 V) ee fel tela 
Collector-Emitter Saturation Voltage (Ic = 100 mA, Ip = 10mA) ; VCE(sat) [f-- |.-— [02] vi | 


Base-Emitter Saturation Voltage (I¢ = 100 mA, Ip = 10 mA) | VBE(sat) [= [lv 


SMALL-SIGNAL CHARACTERISTICS 


Insertion Gain Woe = 15 V, I¢ = 35 mA, j = 250 MHz) 


MOTOROLA RF DEVICE DATA 


— 2-1062 


MOTOROLA | | 
=z SEMICONDUCTOR ox 
TECHNICAL DATA | 


The RF Line 
NPN Silicon 
RF Low Power Transistor 


... designed primarily for wideband large signal predriver stages in 800 MHz and UHF 
frequency ranges. ros 
@ Specified @ 12.5 V, 870 MHz Characteristics 
Output Power = 750 mW 
Common Emitter Power Gain = 10 dB (Typ) 
Efficiency 60% (Typ) : 
@ Low Cost SORF Plastic Surface Mounted Package 
@ State-of-the-Art Technology 
Fine Line Geometry Pp 
Gold Top Metal and Wires [ae 
Silicon Nitride Passivated | | = . . 1 


lon implanted Arsenic Emitters Ae Pe CASE 751-03, STYLE 1 
; SORF | 


_ MRF8372 


750 mW_ 870 MHz 
RF LOW POWER 
TRANSISTOR 
NPN SILICON 


MAXIMUM RATINGS 


Collector-Current — Continuous 


Total Device Dissipation @ Tc = 80°C (1) 
Derate above 80°C i: 

Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


Operating Junction and Storage Temperature Range 
THERMAL CHARACTERISTICS 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) | ah | 


OFF CHARACTERISTICS 


ON CHARACTERISTICS 
DC Current Gain (Ic = 50 mAdc, Vcg = 10 Vdc) 


(1) Case temperature is measured on the collector lead where the lead contacts the printed (continued) 
circuit board closest to the body of the package. 
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ELECTRICAL CHARACTERISTICS — continued (Te = 25°C unless otherwise noted.) 


Characteristic ae ee [| 


DYNAMIC CHARACTERISTICS 


Output Capacitance 


(Vc = 15 Vde, Ig = 0, f = 1 MHz!) 
FUNCTIONAL TESTS 


‘Common-Emitter Amplifier Power Gain Figures 1, 3 
(Voc = 12.5 Vde, Pout = 0.75 W, f = 870 MHz) 


Collector Efficiency . Figures 1, 3 
(Voc = 12.5 Vde, Pout = 0.75 W, f = 870 MHz) 


L1,L2 — 4 Turns, #21 AWG, 5/32” ID 


C1,C5 — 0.8-8 pF Johanson Gigatrim s Me — 7 Turns, #21 AWG, 5/32” ID 

C2,C3 — 10 pF Ceramic Chip Capacitor 21,Z2 — 1” x 0.078” Microstrip, Zg = 50 Ohms 

C6 —91 pF Clamped Mica, Mini- Underwood 23. ~— 0.25" x 0.078" Microstrip, Zg5 = 50 Ohms 
C4  —47 pF Ceramic Chip Capacitor . 24: —0.15”" x 0.078" Microstrip, 2g = 50 Ohms 
C7 —91 pF Clamped Mica, Mini-Underwood 25 — 0.30" x 0.078" Microstrip; Zo = 50 Ohms 
C8 —1 pF 25 V Tantalum Z6  — 1.63” x 0.078" Microstrip, Zg = 50 Ohms. 


B — Bead, Ferroxcube 56-590-65/3B PCB — 1/32” Glass Teflon, €, = 2.56 


Figure 1. 800-900 MHz Broadband Circuit 


800/900 MHz BAND DATA 


Vcc = 12.5 Vde 


~ 
Oo 


o 
Ss 


S 
COLLECTOR 
EFFICIENCY 


on 
So 


Gpe, GAIN (dB) - 
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RETURN LOSS 
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AEE VET MI 


mm = > 


AEE 
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f, FREQUENCY (MHz) 


Figure 2. Typical Broadband Performance 
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eee VRFS372 750 mV 
BT | 


NOTE: The Printed Circuit Board shown is 75% of the original. 
Figure 4. 800-900 MHz Broadband Circuit Photomaster 


ae 


Pout 806 MHz = 820 mW | | Pout 806 MHz = 
Pout 870 MHz = 635 mW | | Poyt 870 MHz 
Pout 960 MHz = 530 mW | | Poyt 960 MHz 


Frequency 
MHz 


24.7 — j19.2. 20.9 — j31.0 
36.9 — j20.5 32.1 — j26.6 


39.3 — j18.5 36.3 — j25.7 


*ZOL = Conjugate of the optimum load impedance into which the device output operates at a given output power, voltage, and frequency. 


Figure 5. Zj, and Zo, versus Collector Voltage, Input Power and Output Power 
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Figure 7. Output Power versus Frequency 
Figure 9. Output Power versus Frequency 
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MOTOROLA | 
TECHNICAL DATA 


MRF9011 
The RF Line | | BF431* 


NPN Silicon : eo 1 L 
High-Frequency Transistors 


*European Part Numbers 


... designed primarily for use in high-gain, low-noise small-signal amplifiers for 
operation up to 2.5 GHz. Also usable in applications requiring fast switching times. 
® High Current-Gain-Bandwidth Product — fT = 3.8 GHz (Typ) @ Ic = 15 mAdc 

@ Low Noise Figure w f = 1 GHz — NF(matched) = 1-8 dB (Typ) 

@ High Power Gain — Gpe(matched) = 13.5 dB (Typ) @ f = 1 GHz 
® 
® 


SURFACE MOUNTED 
HIGH FREQUENCY 
TRANSISTORS 


Guaranteed RF Parameters NPN SILICON 


Surface Mounted SOT-143 Offers Improved RF Performance 
Lower Package Parasitics 
High Gain : 
Available In Both Standard Profile (MRF9011) and Low Profile (MRF9011L) 


Tape and Reel Packaging Options | 3 
1 es 
2 


CASE 318B-03, STYLE 1 
SOT-143 


MAXIMUM RATINGS 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


THERMAL CHARACTERISTICS 


Thermal Resistance, Junction to Ambient R@JA °C/W 


DEVICE MARKING 


MRF9011 = 01 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage V(BR)CEO 15 
(Ic = 1 mAdc, Ip = 0) 

Collector-Base Breakdown Voltage V(BR)CBO 25 
(I¢ = 0.1 mAdc, IE = 0) 


Emitter-Base Breakdown Voltage 2 
(IE = 0.1 mAds, Ic = 0) 


Collector Cutoff Current 


(VcB = 15 Vdc, IE = 0) 
ON CHARACTERISTICS 


DC Current Gain hee 30 200 
(Ic = 5 mAdc, Vce = 5 Vdc) | 


(continued) 


MOTOROLA RF DEVICE DATA 
2-1067 


MRF9011, MRF9011L 


ELECTRICAL CHARACTERISTICS — continued (Tc = 25°C unless otherwise noted.) 


ee 


DYNAMIC CHARACTERISTICS 


Current-Gain-Bandwidth Product Figure 6 
(Ic = 15 mAdc, Vcg = 10 Vdc, f = 1 GHz) 

Collector-Base Capacitance Figure 1 
(VcB = 10 Vdc, ip = 0, f = 1 MHz) 


FUNCTIONAL TESTS 


Power Gain at Minimum Noise Figure 
(VcE = 10 Vdc, Ic = 5 mA, f = 1 GHz) 


Figure 5 


Noise Figure Figure 5 
(VcE = 10 Vdc, Ic = 5 mA, f = 1 GHz) 

Power Gain in 50 © System Figure 2 
(VCE = 10 Vde, Ic = 5 mA, f = 1 GHz) 


Noise Figure Figure 2 
(VcE = 10 Vde, lc = 5 mA, f = 1 GHz) 


CAPACITANCE (pF 
Gig, GAIN (dB) 
NF, NOISE FIGURE (dB) 


Cob, COLLECTOR-BASE 


0 3 6 9 12 15 18 21 244. 27—S 0 


Vp, COLLECTOR-BASE VOLTAGE (VOLTS) Ic, COLLECTOR CURRENT (mA) 
Figure 1. Collector-Base Capacitance Figure 2. Gain and Noise Figure 
versus Collector-Base Voltage versus Collector Current 


Vce = 6 Vdc * MICROLAB HW-XXN 

(XX IS SELECTED 

PER FREQUENCY RANGE 
OF INTEREST) 


RF OUTPUT 


*BIAS 
TEE 


**SLUG TUNER 


RF INPUT 


*BIAS 
TEE 


**SLUG TUNER 


= ** MICROLAB/FXR 
SF-11N FOR f < 1 GHz 
SF-31N FOR f > 1 GHz 


Figure 3. Functional Circuit Schematic 
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Gyr, GAIN (dB) 


Fr, GAIN-BANDWIDTH PRODUCT (GHz) 
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NF, NOISE FIGURE (dB) 


Figure 4. Gain and Noise Figure 
versus Frequency 
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Figure 6. Gain-Bandwidth Product 
versus Collector Current 
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Figure 5. Gain and Noise Figure 
versus Collector Current 
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Figure 7. Insertion Gain versus Frequency 


[So1|2 


f, FREQUENCY (GHz) 


Figure 8. Maximum Unilateral Gain 
versus Frequency 
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NF, NOISE FIGURE (dB) 
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COMMON EMITTER S-PARAMETERS 
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MOTOROLA | | | 
as SEMICONDUCTOR 2 
TECHNICAL DATA | 


MRF9331 
BF432* 
MRF9331L 
BF432L* 


The RF Line 
NPN Silicon | 
High-Frequency Transistors 


... designed primarily for use in low power amplifiers to 1 GHz. Ideal for pagers an 
other battery operated systems where low power consumption is critical. 


@ Low Power Consumption Characterized for l— = 0.1 to 1 mA SURFACE MOUNTED 
® High Current-Gain-Bandwidth Product — ft = 5 GHz (Typ) @ Ic = 1 mAdc HIGH FREQUENCY 
@ Low Noise Figure and High Power Gain @ f = 1 GHz — NF(matched) = 2.5 dB (Typ) TRANSISTORS 
& GNF(matched) = 12.5 dB (Typ) NPN SILICON 
@ Guaranteed RF Parameters 
@ Surface Mounted SOT-143 Offers Improved RF Performance 
Lower Package Parasitics _— 


*European Part Numbers 


High Gain : . 
Available In Both Standard Profile (MRF9331) and Low Profile (MRF9331L) 
Tape and Reel Packaging Options 


CASE 318A-04, STYLE 1 


MAXIMUM RATINGS 


Collector-Emitter Voltage | VCEO a ee 
Collector-Base Voltage _ VcBo Vdc 
Emitter-Base Voltage VEBO Vdc 


Total Device Dissipation @ To = 25°C 
Derate above 25°C 


Storage Temperature Range 
THERMAL CHARACTERISTICS | 


Thermal Resistance, Junction to Ambient | Raa | 500s” °C/W 


DEVICE MARKING 


| MRF9331,L = 05 | 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 


[Characters «Sambo [in [typ | Max [Uni 
OFF CHARACTERISTICS . 
Collector-Emitter Breakdown Voltage V(BR)CEO Vde 
(I¢ = 0.1 mAdc, Ip = 0) 
Collector-Base Breakdown Voltage V(BR)CBO 15 Vde 
(Ic = 0.01 mAdc, le = Q) 
Emitter-Base Leakage Current mAdc 
(VEB = 2 Vdc, Ic = 0) 
Collector Cutoff Current ICBO nAdc 
(VcB = 5 Vdc, Ip = 0) 
ON CHARACTERISTICS | | 


DC Current Gain hee 30 200 
(ic = 0.5 mAdc, Vcge = 1 Vdc) 


(continued) 
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ELECTRICAL CHARACTERISTICS — continued (Tc = 25°C unless otherwise noted.) 


[acters «| Sembt_| in | tp | Mex | Unit 


DYNAMIC CHARACTERISTICS 


Current-Gain-Bandwidth Product Figure 2 
(Ic = 1 mAdc, VcE = 1 Vde, f = 1 GHz) | 


Collector-Base Capacitance Figure 1 
(VcB = 1 Vde, IE = 0, f = 1 MHz) 


FUNCTIONAL TESTS 


Power Gain at Minimum Noise Figure Figure 5, 3 GNEmin 
(VcE = 1 Vdc, Ic = 0.5 mA, f = 1 GHz) 
Noise Figure Figure 5, 3 NFmin 
(VCE = 1 Vdc, Ic = 0.5 mA, f = 1 GHz) 
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Vcp, COLLECTOR-BASE VOLTAGE (VOLTS) Ic, COLLECTOR CURRENT (mA} 
' Figure 1. Collector-Base Capacitance Figure 2. Current Gain-Bandwidth Product 
versus Collector-Base Voltage versus Collector Current 
Voce = 1Vde *MICROLAB HW-XXN 
VBE (XX IS SELECTED 
PER FREQUENCY RANGE 


OF INTEREST) 


RF OUTPUT 


**SLUG TUNER  *BIAS 


TEE 


RF INPUT 


*BIAS  **SLUG TUNER 


TEE 


= **MICROLAB/FXR 
SF-31N 


Figure 3. Functional Circuit Schematic 
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MRF9331, MRF9331L 
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Figure 4. Gain and Noise Figure i. _ Figure 5. Gain and Noise Figure 
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Figure 6. Maximum Unilateral Gain | 
versus Frequency . 
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MRF9331, MRF9331L 


COMMON EMITTER S-PARAMETERS (Continued) 
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MOTOROLA | ee 
= SEMICONDUCTOR Se 
TECHNICAL DATA | , 7 


The RF Line 


OF pastor MRF10005 
Microwave Power Transistor He 7 gd 


... designed for CW and long pulsed common base amplifier applications, such as 


JTIDS and Mode §, in the 0.96 to 1.215 GHz frequency range at high overall duty cycles. MICROWAVE POWER 


® Guaranteed Performance @ 1.215 GHz, 28 Vdc TRANSISTOR 
Output Power = 5 Watts CW a NPN SILICON 
Minimum Gain = 8.5 dB, 10.3 dB (Typ) 5 WATTS 


@ RF Performance Curves given for 28 Vdc and 36 Vdc Operation 
@ 100% Tested for Load Mismatch at All Phase Angles with 10:1 VSWR - 
@ Hermetically Sealed Industry Standard Package 
. © Silicon Nitride Passivated ; ae 
® Gold Metallized, Emitter Ballasted for Long Life and Resistance to Metal Migration 
@ Internal Input Matching for Broadband Operation 


— 960-1215.MHz- 


MAXIMUM RATINGS 


Total Device Dissipation @ Tc = 25°C (1) 
Derate above 25°C 


Storage Temperature Range’ ; oP ite . 
Junction Temperature 


—65 to +200 


THERMAL CHARACTERISTICS | 


Characteristic Symbol 


Thermal Resistance, Junction to Case (2) Resc 


(1) These devices are designed for RF operation. The total device dissipation rating applies only when the devices are operated as RF amplifiers. 
(2) Thermal Resistance is determined under specified RF operating conditions by infrared measurement techniques. 


MOTOROLA RF DEVICE DATA 


2-1075 


MRF10005 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted] 


Characteristic 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage V(BR)CES 55 Vde 
(I¢ = 25 mAdc, VpgE = 0) 
Collector-Base Breakdown Voltage 55 - Vde 
(I¢ = 25 mAdc, IE = 0) 7 
ie ee 8 
ee ee 


Emitter-Base Breakdown Voltage 
(IE = 0.5 mAdc, Ic = 0) 


Collector Cutoff Current , 
(VcB = 28 Vdc, Ig = 0) 


ON CHARACTERISTICS 


DC Current Gain | 
(I¢ = 500 mAdc, VcE = 5 Vdc) 


DYNAMIC CHARACTERISTICS 


Output Capacitance 
(VcB. = 28 Vdc, I— = 0, f = 1 MHz) 


FUNCTIONAL TESTS 


Common-Base Amplifier Power Gain 
(Vcc = 28 Vdc, Pout = 5 W, f = 1215 MHz) 


Collector Efficiency: 
(Vcc = 28 Vdc, Pout = 5 W, f = 1215 MHz) 


Load Mismatch No Degradation in Output Power 
(Vcc = 28 Vdc, Pout = 5 W, f = 1215 MHz, 
VSWR = 10:1 All Phase Angles) 


28 Vde 
; RF . 
_ RF INPUT OUTPUT 
C1 
D.U.T. 
C1, C2, C3 — 220 pF 100 mil Chip Capacitor Z1—Z10 — Microstrip, see details below 
C4 — 0.1 pF ' Board Material — 0.030” Glass Teflon, 


‘C5 — 47 yF/50 V Electrolytic 2.0 oz. Copper, eg = 2.55 
L1 — 3 turn #18 AWG, 1/8" ID, 0.18” Long 


2.365 
1.96 
2.365 —— 


f=) 
io 
oa 


Figure 1. Test Circuit 
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OUTPUT POWER (WATTS) 
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Figure 3. Output Power versus Input Power 
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. PouT=5W~ Vcc = 28V 


A f Zin ZoL" 

ors MHz| OHMS | OHMS 

nt a id 
a 960 | 65 + j85 | 74 — j189 
. 1025 | 10.0 + j70 | 72 —j174 


1090 | 11.2 + j49 |7.1 — j16.3 
1150 | 10.8 + j20 | 7.15 — j143 
78 + j0.0 | 78 — j11.2 


*ZoL = Conjugate of the optimum 
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Figure 4. Series Equivalent Input/Output impedances 
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Figure 5. Test Amplifier 


NOTE: The Printed Circuit Board shown is 75% of the original. 


Figure 6. Printed Circuit Board Layout 


MOTOROLA RF DEVICE DATA 
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MOTOROLA 


a SEMICONDUCTOR = 
TECHNICAL DATA 


The RF Line . — | MRF10030 
Microwave Long Pulse 
Power Transistor 


- MICROWAVE POWER 


... designed for 960 to 1215 MHz long pulse common base amplifier applications such TRANSISTOR 

as JTIDS and Mode S transmitters. | NPN SILICON 

@ Guaranteed Performance @ 1.215 GHz, 36 Vdc . 30 WATTS PEAK 
Output Power = 30 Watts Peak 960-1215 MHz 


Minimum Gain = 9.5 dB, 11.5 dB (Typ) 
100% Tested for Load Mismatch at All Phase Angles with 10:1 VSWR 
Hermetically Sealed Industry Standard Package 
Silicon Nitride Passivated 
Gold Metallized, Emitter Ballasted for Long Life and Resistance to Metal Migration 
Internal Input Matching for Broadband Operation 


MAXIMUM RATINGS 


THERMAL CHARACTERISTICS 


Thermal Resistance, Junction to Case (3) 


(1) Under pulse RF operating conditions. 
(2) These devices are designed for RF operation. The total device dissipation rating applies only when the devices are operated as pulsed RF amplifiers. 
(3) Thermal Resistance is determined under specified RF operating conditions by infrared measurement techniques. 


ie a re ee a ee ue age Nh eg od ee ene eee ele ee ee oe ee 
MOTOROLA RF DEVICE DATA | | 
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ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(I¢ = 25 mAdc, VBE = 0) 


Emitter-Base Breakdown Voltage 
(IE = 5 mAdc, Ic = 0) 


Collector Cutoff Current 
(VcB = 36 Vdc, IE = 0) 


ON CHARACTERISTICS 


DC Current Gain hFE 20 
(I¢ = 500 mAdc, Vcge = 5 Vdc) 


DYNAMIC CHARACTERISTICS 


Output Capacitance 
(VcB = 36 Vdc, le = 0, f = 1 MHz) 


Common-Base Amplifier Power Gain: 
(Vcc = 36 Vdc, Poyt = 30 W Peak, f = 1215 MHz) 


Collector Efficiency 
(Vcc = 36 Vdc, Poyt = 30 W Peak, f = 1215 MHz) 


Load Mismatch 
(Vcc = 36 Vdc, Pout = 30 W Peak, f = 1215 MHz, 
VSWR = 10:1 All Phase Angles) 


OD + 
e Vde 
= RF 
RF INPUT OUTPUT 
C1 
C1, C2 — 220 pF 100 mil Chip Capacitor Z1-Z10 — Microstrip, see details below 
C3 — 0.1 uF Board Material — 0.030” Glass Teflon, 
C4 — 10 F/75 V Electrolytic 2.0 oz. Copper, er = 2.55 . 


L1 — 3 Turns #18 AWG, 1/8” ID 


ALL DIMENSIONS IN INCHES 


0.2 0.510 1.275 0.28 0.37 


0.050 


0.29 
0.86——>| 04 0.58 0.460 0,35 L049» 0.23 0.47 0.42-> 


Figure 1. Test Circuit 
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Figure 2. Output Power versus Input Power Figure 3. Output Power versus Input Power 
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*ZOL = Conjugate of the optimum 
load impedance into which the 
device operates at a given output 
power, voltage, and frequency. 
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Figure 4. Series Equivalent Input/Output Impedances 
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Figure 5. Test Amplifier 


“"MRFIOO30 
1215 MHZ 
TEST CROAT 


NOTE: The Printed Circuit Board shown is 75% of the original. 


Figure 6. Printed Circuit Board Layout 


MOTOROLA RE DEVICE DATA 
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MOTOROLA 


TECHNICAL DATA 


MRFQ17 


DIE SOURCE SAME AS 
BFQ17 | 


The RF Line 
NPN Silicon — 7 
High Frequency Transistor | 


... designed for amplifier, oscillator or frequency multiplier applications in industrial 
equipment. Suitable for use as a Class A, B or C output driver or pre-driver stages in 
VHF and UHF. | 


@ Low Cost SORF Plastic Surface Mount Package 
@ Guaranteed RF Specification — |S94|2 | 
@ S-Parameter Characterization ; 
® Tape and Reel Packaging Options Available 


SURFACE MOUNT 
RF TRANSISTOR 
_. NPN SILICON 


CASE 751-03 


MAXIMUM RATINGS | os 


Collector-Emitter Voltage 25 
: 


THERMAL CHARACTERISTICS 


Characteristic 


Total Device Dissipation, Ta = 25°C 
Derate above 25°C 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


PSS haar SSSS~*d CSS mbt in | Tom | Mw | Unt 


OFF CHARACTERISTICS ~ 


(continued) 


MOTOROLA RF DEVICE DATA 
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ELECTRICAL CHARACTERISTICS — continued (Ta = 25°C unless otherwise noted.) 


ON CHARACTERISTICS ao 
FE 2 200 : 
| 25 200 - 


DC Current Gain (Ic = 50 mA, VcE = 5 V) 
| Veetsa) | — | — | os | v | 


(IC = 150 mA, VceE = 5 V) 
Collector-Emitter Saturation Voltage (lc = 100 mA, Ig = 10 mA) 


SMALL-SIGNAL CHARACTERISTICS 


Insertion Gain (VcE = 12.5 V, I¢ = 50 mA, f = 500 MHz) 


| Sa | ote Hea ta 
(Volts) (mA) 


7 


MOTOROLA RF DEVICE DATA 
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MOTOROLA | | 
TECHNICAL DATA 


TheRFLine “~~ 
NPN Silicon  — | 
‘High Frequency Transistor 


ba designed for amplifier, oscillator or frequency multiplier applications in industrial 
equipment. Suitable for use as a Class A, Bor C output driver or pre-driver stages in _. 


| MRFQ19 


m= SEMICONDUCTOR 


_ DIE SOURCE SAME.AS 


"SURFACE MOUNT. 
RE TRANSISTOR 
NPN SILICON 


VHF and UHF. 


@ Low Cost SORF Plastic Surface Mount Package © 
@ Guaranteed RF Specification — |S94|2 

e S-Parameter Characterization | 

@ Tape and Reel Packaging Options Available 


CASE 751-03 
SO-8 


eee 


THERMAL CHARACTERISTICS 


Characteristic 


Total Device Dissipation, Ta = 25°C 
Derate above 25°C 


Storage Temperature | 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


[Charani «dC ot | in | Typ | Mx [Unie 


OFF CHARACTERISTICS 


(continued) 


MOTOROLA RF DEVICE DATA Serer a get WS VEN a 
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MRFQ19 


ELECTRICAL CHARACTERISTICS — continued (Ta = 25°C unless otherwise noted.) 


ON CHARACTERISTICS | | 7 oe" 
| Wee | 25 200 
10 V) _ le 25s - 200 


DC Current Gain (Ic = 50 mA, VcE 
(ic = 75 mA, VcE < 
Collector-Emitter Saturation Voltage (I¢ = 100 mA, Ip = 10 mA) -VCE(sat) | — | — | o2 | vi 
SMALL-SIGNAL CHARACTERISTICS ae ae - ; 


Current-Gain — Bandwidth Product (Ic = 50 mA, VcE = 10 V, f 
(Ic = 75 mA, VcE = 10 V, f 


Insertion Gain (Vce = 10 V, Ic = 50 mA, f = 500 MHz) 
Noise Figure (Vce = 10 V, ic = 50 mA, f = 500 MHz) 


00 MHz) 
00 MHz) 


o1 ol 


MOTOROLA RF DEVICE DATA 
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a SEMICONDUCTOR xe 


MOTOROLA , 7 
TECHNICAL DATA | | , 


xe |MRT0105-75 
The RF Line | 7 7 ae 
UHF Power Transistor | 


... designed primarily for wideband, large-signal output and driver amplifier stages in - . 975dB 

the 100 to 500 MHz frequency range. Be 400 to 500 MHz 

@ Designed for Class AB Linear Power Amplifiers - — 7SWATTS | 

@ Specified 28 Volt, 500 MHz Characteristics: ee . & - . BROADBAND |. 
Output Power — 75 Watts iz . _ UHF POWER 
Power Gain — 7.5 dB Min, Class AB | ° TRANSISTOR 


@ Built-In Matching Network for Broadband Operation 
© Gold Metallization for Improved Reliability 

e Diffused Ballast Resistors 

@ Push-Pull Package Configuration 


MAXIMUM RATINGS 


[Cotetor dase Vonage ——~SSSCSCSCSCS~C~S~S~“~“~S~S*~S~S*Y Vege 
7 


Fcollestor Current—Contimuous Now) ——s=~=“‘“CSCS™S™S™*™~C*C*~*~*~dSC‘éwRCSdNWW'W?—SC—=*d 
THERMAL CHARACTERISTICS | - : | 

CSCS Rhacteite —SSS~SCS~*dtC mbt |e 
Thermal Resistance, Junction to Case 


ELECTRICAL CHARACTERISTICS | . 
(hei em [ee 
OFF CHARACTERISTICS (Note 1) : | rtf - 

Collector-Emitter Breakdown Voltage (Ic = 50 mA, Ip = 0) _ 


Collector-Emitter Breakdown Voltage (Ic = 50 mA, VBE = 0) V(BR)CES a 


Collector-Base Breakdown Voltage (Ic = 50 mA, Ie = 0) V(BR)CBO 
Emitter-Base Breakdown Voltage (ig = 5 mA, Ic = 0) V(BR)EBO | a 
Collector Cutoff Current (Vcp = 28 V, IE = 0) . IcBo | 


ON CHARACTERISTICS (Noite 1) 


| Dc CurentGainflg=1AVce=5v) te || | 


DYNAMIC CHARACTERISTICS (Note 1) 


Note 1. Each transistor chip measured separately. (continued) 


MOTOROLA. RF DEVICE DATA 
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MRT0105-75 


ELECTRICAL CHARACTERISTICS — continued 


Characters ——SSSSC~*dC Senin Te] Mex | Unt 


FUNCTIONAL TESTS (Note 2) 


Common-Emitter Amplifier Power Gain - 
(VCE = 28 V, Pout = 75 W, f = 500 Mhz, Icq = 2 x 120 mA) 


Load Mismatch 
(VCE = 28 V, IcQ = 2.x 120 mA, Pout = 75 W, f = 100 MHz, 
Load VSWR = 5:1, All Phase Angles) 


No Degradation in 
Output Power 


Saturated Output Power 
(VcE = 28 V, f = 500 MHz, Icg = 2 x 120 mA) 


Note 2. Both transistor chips operating in push-pull amplifier. 


TYPICAL CHARACTERISTICS 


Vec = 28V 
Po = 75 W 
ONE SIDE ONLY 


Po = 75 W 


ONE SIDE ONLY 


Zin, SERIES INPUT IMPEDANCE (OHMS) 
ZLoad: SERIES LOAD IMPEDANCE (OHMS) 


-f, FREQUENCY (MHz) f, FREQUENCY (MHz) 


Figure 1. Input Impedance versus Frequency . Figure 2. Load Impedance versus Frequency 


MOTOROLA RF DEVICE DATA 
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MOTOROLA | 
TECHNICAL DATA 


| MRT0105-75V 
The RF Line } , | 
UHF Power Transistor 


... designed primarily for wideband, large-signal output and driver amplifier stages in | 7 dB 

the 100 to 500 MHz frequency range. | | 100-500 MHz 

@ Designed for Class AB Linear Power Amplifiers | . 75 WATTS 

® Specified 28 Volt, 500 MHz Characteristics: . BROADBAND _ 
Output Power — 75 Watts UHF POWER | 


Power Gain — 7 dB Min, Class AB TRANSISTOR 


Built-In Matching Network for Broadband Operation 


Gold Metallization for Improved Reliability 
Diffused Ballast Resistors 
HLP-50 | 
CASE 390-01, STYLE 1 


Push-Pull Package Configuration 


MAXIMUM RATINGS 


a 


Vdc 
Vdc 
Adc 
oC 
E 


30 
ee a 
a a 


THERMAL CHARACTERISTICS 


Thermal Resistance, Junction to Case | R@Jc 


ELECTRICAL CHARACTERISTICS 


OFF CHARACTERISTICS (Note 1) | | 


Collector-Emitter Breakdown Voltage (Ic = 50 mA, Ip = 0) V(BR)CEO 
Collector-Emitter Breakdown Voltage (Ic = 50 mA, VBE = 0) V(BR)CES 
Collector-Base Breakdown Voltage (Ic = 50 mA, IE = 0) V(BR)CBO 


Collector Cutoff Current (Vcp = 28 V, IE = 0) 
ON CHARACTERISTICS (Note 1) 
DC Current Gain (Ic = 1A, Vce = 5 V) hee se 90 = 


DYNAMIC CHARACTERISTICS (Note 1) 


Note 1. Each transistor chip measured separately. (continued) 


MOTOROLA RF DEVICE DATA 
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ELECTRICAL CHARACTERISTICS — continued 


FUNCTIONAL TESTS (Note 2) 


Common-Emitter Amplifier Power Gain 
(VcE = 28-V, Pout = 75 W, f = 500 Mhz, Icq = 2 x 120 mA) 


Load Mismatch No Dearadations 
(VcE = 25V, Icq = 2x 120 mA, Pout = 75 W, f = 100 MHz, ono oo 


Load VSWR = 00:1, All Phase Angles) ROE NEE 


Saturated Output Power 
(VcE = 28V,IcQ = 2 x 120 mA, f = 500 MHz) 


Note 2. Both transistor chips operating in push-pull amplifier. 


Vec = 28V 
Po = 75 W 
ONE SIDE ONLY 


Zin, SERIES INPUT IMPEDANCE (OHMS) 
Zi oad: SERIES LOAD IMPEDANCE (OHMS) 


f, FREQUENCY (MHz) f, FREQUENCY (MHz) 
Figure 1. Input Impedance versus Frequency Figure 2. Load Impedance versus Frequency 
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MOTOROLA 


aa SEMICONDUCTOR 
TECHNICAL DATA 


| MRT0204-110V 
The RF Line | 


UHF Power Transistor 


... designed primarily for wideband, large-signal output and driver amplifier stages in 


the 225 to 400 MHz frequency range. ere 

® Designed for Class AB Linear Power Amplifiers | . 110 WATTS 

@ Specified 28 Volt, 400 MHz Characteristics: BROADBAND 
Output Power — 110 Watts UHF POWER 


Power Gain — 7 dB Min TRANSISTOR 


Built-In Matching Network for Broadband Operation 


Gold Metallization for Improved Reliability 
Diffused Ballast Resistors 
HLP-50 
CASE 390-01, STYLE 1 


Push-Pull Package Configuration 


MAXIMUM RATINGS 


THERMAL CHARACTERISTICS | 


Thermal Resistance, Junction to Case . ReJc °C/W 


ELECTRICAL CHARACTERISTICS 


Charter ———SSSSSSSS*dSCSS pt |i 


OFF CHARACTERISTICS (Note 1) 


z 


ON CHARACTERISTICS (Note 7) 


DC Current Gain (Ic = 1A, Vcg = 5 V) he | 2 | -— | wo | — | 


DYNAMIC CHARACTERISTICS (Note 1) 


Note 1. Each transistor chip measured separately. 
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ELECTRICAL CHARACTERISTICS — continued 
FUNCTIONAL TESTS (Note 2) 


Common-Emitter Amplifier Power Gain 
(VCE = 28 V, Poyt = 110 W, f = 400 MHz, Icqg = 2 x 120 mA) 


Load Mismatch 


(VCE = 28 V, Pout = 110 W, f = 225 MHz, No Degradation in 


Load VSWR = co:1, All Phase Angles) | Output Power 
Saturated Output Power (Vcg = 28 V, f = 400 MHz) 


Note 2. Both transistor chips operating in push-pull amplifier. 


TYPICAL CHARACTERISTICS 


Zin, SERIES INPUT IMPEDANCE (OHMS) 
ZL oad, SERIES LOAD IMPEDANCE (OHMS) 


f, FREQUENCY (MHz) f, FREQUENCY (MHz) 


Figure 1. Input Impedance versus Frequency Figure 2. Load Impedance versus Frequency | 


MOTOROLA RF DEVICE DATA 
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MOTOROLA 


a SEMICONDUCTOR & 
TECHNICAL DATA 


PT4572A 
The RF Line 


NPN Silicon 


High Frequency Transistor Baaiven 
|» HIGH FREQUENCY 
... designed for broadband class A applications requiring high output, low distortion ~ TRANSISTOR © 
and low noise. Primarily used in intermediate or output stages of MATV or CATV NPN SILICON 
amplifiers. | | 


@ Low Noise — 2.3 dB Typ @ f = 300 MHz 
@ High Output — P91 dB = 27 dBm Typ @ f = 500 MHz 
® Low Distortion — ITO = 45 dBm Typ @ f = 500 MHz 


MAXIMUM RATINGS 


ELECTRICAL CHARACTERISTICS 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage (ic = 5 mA, IB = 0) | Veryceo | 325 | CU CO] 
[Cotecior as BeskiownVotage le = TmAte= 0 | Waneao | | — | =| vee 
Emitter-Base Breakdown Voltage (I- = 0.1 mA, Ic = 0) | verepo | 3 | — | = 
Collector Cutoff Current (Vcp = 10 V, IE = 0) | cps =| 6 OTC ds 200 wAde 


ON CHARACTERISTICS 
DC Current Gain (I¢ = 50 mA, VcgE = 5 V) he 


E 
Collector-Emitter Saturation Voltage (ic = 100 mA, Ic/ip = 2) VCE(sat) 


DYNAMIC CHARACTERISTICS | 


FUNCTIONAL TESTS 


Output Power @ 1 dB Compression 


(Voce = 14 V, Ic = 90 mA, f = 500 MHz) 
Third Order Intercept (Vcg = 14 V, Ic = 90 mA, f = 500 MHz) 


MOTOROLA RF DEVICE DATA 
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PT4572A 


TYPICAL CHARACTERISTICS 


Vce = 14V 

f = 500 MHz = 
Ee go 
Ss B 
ff G3 
= So 
‘S) oe 
5 " 
E Sa 2 
3 3 
3 = 
[a 

1 
10 
0 50 100 150 200 50 100 150 200 
Ic, COLLECTOR CURRENT (mA) Ic, COLLECTOR CURRENT (mA) 
Figure 1. Third Order Intercept and 1 dB Compression Figure 2. Gain-Bandwidth Product 


versus Collector Current 


24 20 | 
Vce = 14V 


f = 300 MHz 
20 


dh 
Rill 
alll 
Cees ree Ee Oe 

0 


2 


ei 
Th | 


NF, NOISE FIGURE (dB) 
Gang, GAIN AT NOISE FIGURE (dB) 


GUMayx: MAXIMUM UNILATERAL GAIN (dB) 


0.1 0.15 0. 0.3 04 05 0.6 8 1 50 100 150 200 
f, FREQUENCY (GHz) Ic, COLLECTOR CURRENT (mA) 
Figure 3. Noise Figure and Associated Gain Figure 4. GUmjax versus Collector Current 


versus Frequency 
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PT4572A 


8 
7 — 
= 
= S 
: z 
3° B 
uid = 
S = 
az 3 — 
us = 
= = 
2 A 
1 
0 25 0 0ti“<i«é‘z@ (00 | 80 100 150 200. 
Ic, COLLECTOR CURRENT (mA) To CASE TEMPERATURE (°C) 
Figure 5. Noise Figure versus Collector Current "Figure 6. Dissipation versus Temperature 
38 700 
7 
6 = 600 | 
Bs : 
Wy = 500 
eo ra) 
= 3.5 c= 
< og = 400 
ono] ra 
Le = 300 
S 22 5 
oO ) Ae 
8 = 
SJ 18 S 200 
15] 3b 
= 100 
1.2 
s| : 
003 0.5 1 2 3 456 8 10 15 20 25 0 50 100 150 200 
Veb, COLLECTOR-BASE VOLTAGE (V) . Ie. COLLECTOR CURRENT (mA) 
Figure 7. Junction Capacitance versus Voltage Figure 8. Collector Saturation Characteristics 


Frequency (MHz) eee. AS SUA eS Saal eee | 


VcE = 8V, Ic = 50 mA 


Figure 9. Common Emitter S-Parameters 
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MOTOROLA 
a SEMICONDUCTOR mm 
TECHNICAL DATA 


PT4579 
The RF Line | | 


NPN Silicon 


ligh Frequency Transistor Io = 200 mA 
HIGH FREQUENCY 

... designed for ultra-linear communications or instrumentation applications requiring TRANSISTOR 

high output and low noise. Low noise figure combined with high-output capability gives ~ NPN SILICON 


this device an exceptional dynamic range. Gold metallization is used to achieve the high 
reliability demanded by the most severe communications requirements. High gain 
makes this transistor ideal for broadband applications. 


e Low Noise — 2.3 dB Typ @ f = 300 MHz | 
High Output — P91 dB = 26 dBm Typ @ f = 300 MHz 
Low Distortion — ITO = 46 dBm Typ @ f = 300 MHz 
Gold Metallization 


TO-39 
CASE 79-04, STYLE 1 


MAXIMUM RATINGS ~ 


Collector-Emitter Voltage 
Operating Junction Temperature . 
: 
ELECTRICAL CHARACTERISTICS 
Sane ene fas 
OFF CHARACTERISTICS . 


ICBO | 


DYNAMIC CHARACTERISTICS 
Collector-Base Capacitance (Vcp = 8 V, IE = 0, f = 1 MHz) 


(continued) 


MOTOROLA RF DEVICE DATA 
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PT4579 


ELECTRICAL CHARACTERISTICS — conpinued —— 3 . | -_ 
[Characteristic «Seber [in | Top | Max | Unit 
FUNCTIONAL TESTS | — 

| Noise Figure, Minimum (VcE = 8 V, Ic = 50 mA, f = 300 MHz) 
Cutoff Frequency (VcgE = 14 V, Ic = 90 mA) 
Maximum Unilateral Gain (Vcf = 14 V, Ic = 90 mA, f = 300 MHz) 
14 V, Ic = 90 mA, f = 300 MHz) | 


Insertion Gain (VCE = 


Output Power @ 1 dB Compression 
(VcE = 14V, Ic = 90 mA, f = 300 MHz) 


14 V, I¢ = 90 mA, f = 300 MHz) - 


Third Order Intercept (VcE = 


Vcp =.14V 


f = 300 MHz. 
oO Oo] 
= a 
= 3 
a ce 
a] a 
5 S 
© i‘. 
+e — 
S so 
oO. we 
| 60 100 150° 200 
_ Ie, COLLECTOR CURRENT (mA) we a a: I COLLECTOR CURRENT (mA) 
Figure 1. Third Order Intercept and 1dB Compression _ igure 2. Gain-Bandwidth Product versus | 


Collector Current 


= 14V 
= 300 MHz 


NF, NOISE FIGURE (dB) 
or 


aS 
SUBD i 
OCA 
Coen 


= 
GaNe, ASSOCIATED GAIN (dB). 
GUyjay: MAXIMUM UNILATERAL GAIN (dB) 
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~ MOTOROLA RF DEVICE DATA 


2-1097 


PT4579 
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Vce = 8 V, Ic = 50 mA 


Figure 9. Common Emitter S-Parameters 


MOTOROLA RF DEVICE DATA 


2-1098 


| MOTOROLA | ; 
= SEMICONDUCQ yyy 
TECHNICAL DATA | | i | 


Advance Information 7 PT8809A 
The RF Line 3 a a 


UHF Power Transistor 


2 W — 470 MHz 


_.. designed for 12.5 Volt UHE large-signal amplifier applications in industrial and com- el i ll 

mercial FM equipment. | -_ ; ene 

@ 470 MHz — - as “#8 

© 2W— Pout 7 = * 

e 12.5V—Vcc ie a ts | 

@ 10 dB Gain oS 
.280 SOE 


CASE 244C-01, STYLE 1 


MAXIMUM RATINGS 


Operating Junction Temperature 


Storage Temperature Range 
THERMAL CHARACTERISTICS 


Thermal Resistance, Junction to Case | R@JC °C/W 


ELECTRICAL CHARACTERISTICS 


OFF CHARACTERISTICS | 
V(BR)CEO 


Collector-Emitter Breakdown Voltage (ic = 40 mA, VBE = 0 V(BR)CES 


Emitter-Base Breakdown Voltage (IE = 1 mA, Ic = 0) V(BR)EBO 


Collector Cutoff Current (Vcp = 15 V, IE = 0) 
ON CHARACTERISTICS 


[DC Current Gain (lc = 200mAVee= SV) Te Pt | = OT = = 


DYNAMIC CHARACTERISTICS 


(continued) 


This document contains information on a new product. Specifications and information herein are subject to change without notice. 


_ MOTOROLA RF DEVICE DATA 


2-1099 


_ PT8809A 


ELECTRICAL CHARACTERISTICS — continued 


[Character ——SSSSS*dSC mb ||| MU 


FUNCTIONAL TESTS 


Common-Emitter Amplifier Power Gain 
(Vce = 12.5 V, Poyt = 2 W, f = 470 MHz) 


Collector Efficiency (VcgE = 12.5 V, Poyt = 2 W, f = 470 MHz) 


Load Mismatch 
(VcE = 12.5 V, Pout = 2 W, f = 470 MHz, 
Load VSWR = 00:1, All Phase Angles) 


Output Power 
Input Impedance Common Emitter (Typ) 


(VcE = 12.5 V, Pout = 2 W, f = 470 MHz) | Zin = 2 +j3.2 Ohms | . 
Load Impedance, Common Emitter (Typ) . = 
(VCE = 12.5 V, Pout = 2 W, f = 470 MHz) Zload = 18 + j22 Ohms 


‘No Degradation in | 


MOTOROLA RF DEVICE DATA 


2-1100 


MOTOROLA 
ss SEMICONDUCTOR am 
TECHNICAL DATA 


Advance Information 
The RF Line | ; 
UHF Power Transistor 


PT8810 


5 W — 470 Miz. 
UHF POWER: 


designed for 12.5 Volt UHF large-signal amplifier applications in industrial and com TRANSISTOR 


mercial FM equipment. — 
@ 470 MHz 

© 125V—Vcc 

@ 8.5 dB Gain 


.280 SOE 
CASE 244C-01, STYLE 1 


MAXIMUM RATINGS 


THERMAL CHARACTERISTICS 


Thermal Resistance, Junction to Case RgJc °C/W 


ELECTRICAL CHARACTERISTICS 


[Charest ——SSSS*«d bot | min |Top | Mex [Unit 
OFF CHARACTERISTICS 

_ Emitter-Base Breakdown Voltage (IE = 2 mA, Ic = 0) | | | Vereso | 4 | ~ | — | Vde 
[Cotesor Cuot CunentVep=75Vie=0 ———*dt_iteso | id 


ON CHARACTERISTICS 


[De curen Going = 0mAVee=6M de 


DYNAMIC CHARACTERISTICS 


_ Output Capacitance (Vcgp = 15 V, IE = 0, f = 1 MHz) . . 


This document contains information on a new product. Specifications and information herein are subject to change without notice. 


(continued) 


MOTOROLA RF DEVICE DATA 


2-1101 


PT8810 


ELECTRICAL CHARACTERISTICS — continued 


FUNCTIONAL TESTS 


Common-Emitter Amplifier Power Gain 
(VcE = 12.5 V, Pout = 5 W, f = 470 MHz) 


Collector Efficiency (VceE = 12.5 V, Pout = 5 W, f = 470 MHz) 


Load Mismatch 
(VCE = 12.5 V, Pout = 5 W, f = 470 MHz, 
Load VSWR = 0o:1, All Phase Angles) 


Input Impedance Common Emitter (Typ) ae, ; 

(VCE = 12.5 V, Pout = 5 W, f = 470 MHz) fit Te SOs | 
Load Impedance, Common Emitter (Typ) - . 

(VcE = 12.5 V, Pout = 5 W, f = 470 MHz) Zload = 3:9 Pd Ohms 


No Degradation in 
Output Power 


MOTOROLA RF DEVICE DATA. 


2-1102 


MOTOROLA | 
a SEMICONDUCTOR xxx ee 
TECHNICAL DATA 


PT8811A_ 


Advance Information 
The RF Line 


UHF Power Transistor 


10 W — 470 MHz 


... designed for 12.5 Volt UHF large-signal amplifier applications in industrial and com- bes ai Ret 
mercial FM equipment. 

@ 470 MHz 

® 10 W —- Pout 


© 12.5V—Vcc 


© Gold Metallization for Reliability oS 


.280 SOE 
CASE 244C-01, STYLE 1 


MAXIMUM RATINGS 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


THERMAL CHARACTERISTICS 


ELECTRICAL CHARACTERISTICS 


OFF CHARACTERISTICS 


ON CHARACTERISTICS 


DYNAMIC CHARACTERISTICS 


(continued) 


This document contains information on a new product. Specifications and information herein are subject to change without notice. 


MOTOROLA RF DEVICE DATA 


2-1103 


PT8811A 


ELECTRICAL CHARACTERISTICS — continued 
FUNCTIONAL TESTS 


Common-Emitter Amplifier Power Gain 
(VcE = 12.5 V, Pout = 10 W, f = 470 MHz) 


12.5 V, Pout = 10 W, f = 470 MHz) 


Collector Efficiency (VcE = 


Load Mismatch 
(VcE = 12.5 V, Pout = 10 W, f = 470 MHz, 
Load VSWR = 00:1, All Phase Angles) 


Input Impedance Common Emitter (Typ) | ae : 
(Voce = 12.5 V, Pout = 10 W, f = 470 MHz) Zin te Ions 

Load Impedance, Common Emitter (Typ) 2 . 
(VcE = 12.5 V, Pout = 10 W, f = 470 MHz) Zloads= 2:2 so) hO-ONins 


No Degradation in 
Output Power 


MOTOROLA RF DEVICE DATA 


2-1104 


MOTOROLA 


=e SEMICONDUCTOR xy 
TECHNICAL DATA | 


| | PT8852 
The RF Line | PT8852A 


VHF Power Transistors 


... designed for 12.5 Volt low band VHF large-signal power amplifier applications in ; 11dB 

commercial and industrial FM equipment. | 50 MHz 

® Specified 12.5 V, 50 MHz Characteristics: | | | 20 WATTS 
Output Power — 20 W VHF POWER 


Minimum Gain — 11.2 dB | TRANSISTORS 

Efficiency — 60% . : 
@ Load Mismatch Capability at High Line and RF Overdrive 
® Diffused Ballast Resistors 


MAXIMUM RATINGS 


Collector-Base Voltage 


.380 SOE 
CASE 145D-01, STYLE 1 
PT8852A 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


.380 SOE F 
CASE 211-07, STYLE 1 


Thermal Resistance, Junction to Case ReJc °C/W PT8852 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 


Characteristic | Symbol | Min | Typ | Max | Unit 
OFF CHARACTERISTICS . 
Collector-Emitter Breakdown Voltage (Ic = 40 mA, Ip = 0) V(BR)CEO 


Collector-Base Breakdown Voltage (Ic = 5 mA, IE = 0) V(iBR)CBO 


V(BR)EBO 


ON CHARACTERISTICS 


FUNCTIONAL TESTS 


Common-Emitter Amplifier Power Gain 
(VcE = 12.5 V, Pout = 20 W, f = 50 MHz) 


Load Mismatch No Degradation i 
(VcE = 15.5 V, Pin = 1.5 W, f = 50 MHz, Out 7 Power ° 
Load VSWR = 20:1, All Phase Angles) c 


MOTOROLA RF DEVICE DATA 


2-1105 


PT8852, PT8852A 
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Figure 1. Output Power versus Frequency Figure 2. Output Power versus Input Power 
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Zin, SERIES INPUT IMPEDANCE (OHMS} 
Zi oad: SERIES LOAD IMPEDANCE (OHMS) 
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Figure 3. Series Input Impedance versus Frequency Figure 4. Series Load Impedance versus Frequency 
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Figure 5. Output Capacitance versus Voltage 


MOTOROLA RF DEVICE DATA 


2-1106 


PT8852, PT8852A 


C1, C2 — 467 ARCO 

C3, C6 — 1000 pF UNELCO 

C4, C5 — 466 ARCO 

C7 — 0.1 MFD 

C8 — 5 MFD 

L1— 2 T. #18 AWG, 0.35 in. 1.D. 
L2 — 2-1/2 T. #22 AWG on Ferroxcube VK211-073B axial core 
L3 — 3 T. #18 AWG, 0.35 in. |.D. 

L4 — 2 T. #14 AWG, 0.35 in. |.D. 

L5 — 2-1/2 T. #18 AWG on stackpole 9500-D0 A7 23-1838 core 


Figure 6. Test Circuit 


ent nt 


MOTOROLA RF DEVICE DATA 


2-1107 


MOTOROLA 


TECHNICAL DATA 


re +. PT8853 
The RELine | | PT8853A 


VHF Power Transistors 


... designed for 12.5 Volt low band VHF large-signal power amplifier applications in 10 dB 

commercial and industrial FM equipment. 50 MHz 

® Specified 12.5 V, 50 MHz Characteristics: | 35 WATTS 
Output Power — 35 W VHF POWER 


Minimum Gain — 10 dB TRANSISTORS 
Efficiency — 60% 
® Load Mismatch Capability at High Line and RF Overdrive 
@ Diffused Ballast Resistors 


MAXIMUM RATINGS 


W. 
°C 
°c 


.380 SOE 
CASE 145D-01, STYLE 1 
PT8853A 


Collector Current — Continuous Ic | Ade 
Total Device Dissipation @ Tc = 25°C 


16 

36 

Derate above 25°C 0.44 °C 

| | «| 


THERMAL CHARACTERISTICS | .380 SOE F 


Symbol EASbclEy Shyer 


PT8853 
Thermal Resistance, Junction to Case RgJc 


2.3 °C/W 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage (Ic = 50 mA, |B = 0) V(BR)CEO | 1 | ~— | — | vac | 
Collector-Base Breakdown Voltage (Ic = 50 mA, IE = 0) V(BR)CBO ro ee 
Emitter-Base Breakdown Voltage (Ip = 5 mA, Ic = 0) V(BR)EBO eee 


ON CHARACTERISTICS 


DC Curent Gain ic = TAVeE= Sv ~~SCSC*~“‘“‘*S*S*dCSCSESC<dSOw CSCS —id 


FUNCTIONAL TESTS 


Common-Emitter Amplifier Power Gain GpE 10 
(VcE = 12.5 V, Pout = 35 W, f = 50 MHz) 


Load Mismatch yp 
(VcE = 15.5 V, Pin = 3.5 W, f = 50 MHz, 


No Degradation in 
Output Power 


Load VSWR = 20:1, All Phase Angles) 


MOTOROLA RF DEVICE DATA 


2-1108 


PT8853, PT8853A 


TYPICAL CHARACTERISTICS 
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Figure 2. Output Power versus Pesalieney 
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Figure 1. Output Power versus Input Power 
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Figure 4. Series Load impedance versus Frequency 
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Figure 3. Series Input Impedance versus Frequency 


HH 


i A 


eae ee 
Chie ae Aas: 
ese eT 


Betti) 


4 


(44) SONVLOVdVO-LNdLNO ‘499 


- COLLECTOR-BASE nae (VOLTS) 


Figure 5. Output Capacitance versus Voltage 


MOTOROLA RF DEVICE DATA 


2-1109 


MOTOROLA 


a SEMICONDUCTOR 
TECHNICAL DATA 


| PT8862 
The RF Line — es _ PT8862A 
VHF Power Transistors oe 


... designed for 12.5 Volt, mid-band large-signal amplifier applications in industrial and : 8 dB 


commercial FM equipment operating in the 40 to 100 MHz range. 88 MHz 
@ Specified 12.5 V, 88 MHz Characteristics: | | 12 WATTS 
Output Power — 12 Watts . VHF POWER 


Minimum Gain — 8 dB . TRANSISTORS 
Efficiency — 60% ; 

@ 100% Tested for Load Mismatch at All Phase Angles with 20:1 VSWR 

e Diffused Ballast Resistors 


MAXIMUM RATINGS 


- 380 SOE 
CASE 145D-01, STYLE 1 
PT8862A 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


THERMAL CHARACTERISTICS 


Thermal Resistance, Junction to Case ReJc 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 


Rhee «ym [| 

OFF CHARACTERISTICS 

TGotector Emit Breakdown Vologe lg = Aig =@) | Wonaso [8 [= [=| var 

[Coleco 8eso Breakdown Votage lg =50mA,ig=0) | Waniceo | a8_[ | =| vee 
Emitter-Base Breakdown Voltage (IE = 10 mA, Ic = 0) ys | wereso | 4 | — | — | Vde | 

ON CHARACTERISTICS Teo . . 

fe i oo 

FUNCTIONAL TESTS . 


Common-Emitter Amplifier Power Gain 
(VcE = 12.5 V, Pout = 12 W, f = 88 MHz) 


Collector Efficiency (VceE = 12.5 V, Pout = 12 W, f = 88 MHz) 


Load Mismatch 
(VcE = 15.5 V, Pin = 1.8 W, f = 88 MHz, 
Load VSWR = 20:1, All Phase Angles) 


.380 SOE F 
CASE 211-07, STYLE 1 
PT8862 


No Degradation in 
Output Power 


MOTOROLA RF DEVICE DATA 


2-1110 


_ MOTOROLA 
a SEMICONDUCTOR 
TECHNICAL DATA 


The RF Line =: PT8864 
NPN Silicon | | PT8864A 
VHF Power Transistors “= tes 


... designed for 12.5 Volt, mid-band large-signal amplifier applications in industrial 12 5 VOLT 

and commercial FM equipment operating in the 40 to 100 MHz range. | | 88 MHz 

® Specified 12.5 Volt, 88 MHz Characteristics — _ . a | . VHF POWER TRANSISTORS 
Output Power = 35 Watts | NPN SILICON 


Minimum Gain = 10 dB 

Efficiency = 60% a 
@ 100% Tested for Load Mismatch at all Phase Angles with 20:1. VSWR 
e Diffused Ballast Resistors 


MAXIMUM RATINGS 


.380 SOE 
CASE 145D-01, STYLE 1 
PT8864A 


Collector-Base Voltage VCBO 
Emitter-Base Voltage VEBO Vde 


Adc 


THERMAL CHARACTERISTICS 
.380 SOE F 


Symbol | Max | Unit CASE 211-07, STYLE 1 
Thermal Resistance, Junction to Case R@JC PT8864 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 


[weno] es [| - | - |v 
Collector-Base Breakdown Voltage (Ic = 50 mA, Ig = 0) | viaricso | 3636 SO OCC] CU CUT lV 
Emitter-Base Breakdown Voltage (Ip = 5 mA, Ic = 0) | vereso | 4 | — | -— | vi | 
Collector Cute Corent Vee = 15ViB=0 «des | 


ON CHARACTERISTICS 

DC Current Gain (VcE = 10 V, Ic = 100 mA) hFE 10 — 200 
FUNCTIONAL TESTS 
& 

Efficiency (VcE = 12.5 V, f = 88 MHz, Pjn = 4.5 W) 


Load Mismatch 
(VCE = 15.5 V, Pin = 4.5 W, f = 88 MHz, 
VSWR = 20:1, All Phase Angles) 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage (Ic = 50 mA, Ip = 0) 


No Degradation in 
Output Power 


MOTOROLA RF DEVICE DATA 


2-1111 


PT8864, PT8864A 


TYPICAL CHARACTERISTICS 
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Figure 1. Broadband Pout Figure 2. Broadband Power Transfer Figure 3. Series Input Impedance 
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Z1 oad: LOAD IMPEDANCE (OHMS) 


C, CAPACITANCE (pF) 


4 8 12 16 20 24 


f, FREQUENCY (MHz) Vcp (VOLTS) 
Figure 4. Series Load Impedance Figure 5. Output Capacitance 
L4 
L5 


L6 
C1, C2, C6, C7 — 423 ARCO C11 — 5 MFD 
C3 — 250 pF UNELCO L1 — 4 Turns #16 AWG, 1/4" ID, 11/16” Long 
C4 — 300 pF UNELCO L2 — 1-1/2 Turns #22 AWG Looped thru VK211-073B Ferroxcube Core 
C5 — 400 pF UNELCO L3 — 4 Turns #16 AWG, 3/16” ID, 5/16” Long 
C8 — 0.001 uF L4 — Loop #16 AWG, 1/2” Long 
C9 — 500 pF UNELCO L5 — 4 Turns #16 AWG, 1/4” ID, 9/16" Long 
C10 — 0.1 uF L6 — 1-1/2 Turns #18 AWG Looped thru CN20 Core 


Figure 6. Test Circuit 


MOTOROLA RF DEVICE DATA 


2-1112 


MOTOROLA 


a SEMICONDUCTOR mm 
TECHNICAL DATA 


tee | PT8874 
The RFLine | | | ~PT8874A 
VHF Power Transistors : : 


... designed for 12.5 Volt large-signal power amplifiers in commercial and industrial 5.2 dB 


equipment. 3 . a 175 MHz 
® Specified 12.5 V, 175 MHz Characteristics: fs Soe 40 WATTS : 
Output Power — 40 Watts VHF POWER 


Power Gain — 5.2 dB | oo | - . . TRANSISTORS 
Efficiency — 60% . 
® Diffused Emitter Resistor Ballasting 
® Load Mismatch at High Line and Overdrive Conditions 
® Gold Metallization for Improved Reliability 


MAXIMUM RATINGS 


.380 SOE 
CASE 145D-01, STYLE 1 
PT8874A 


=e ee 


200 
~65 to +200 Jom 


.380 SOE F 


Thermal Resistance, Junction to Case RgJc °C/W PT8874 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 


OFF CHARACTERISTICS 


Emitter-Base Breakdown Voltage (IE = 5 mA, Ic = 0) ViBR)EBO |: 4 


Collector Cutoff Current (Vce = 15 V, VBE = 0) . | ICES 
ON CHARACTERISTICS 
FUNCTIONAL TESTS | 


Common-Emitter Amplifier Power Gain 

(VceE = 12.5 V, Pout = 40 W, f = 175 MHz) 
Collector Efficiency (VcE = 12.5 V, Pout = 40 W, f = 175 MHz) 
Load Mismatch 


(Voce = 15.5 V, Pin = 12 W, f = 175 MHz, 
Load VSWR = 20:1, All Phase Angles) 


No Degradation in 
Output Power 


MOTOROLA RF DEVICE DATA 


2-1113 


PT8874, PT8874A 


TYPICAL CHARACTERISTICS 
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Figure 1. Output Power versus Frequency 
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Zin, SERIES INPUT IMPEDANCE (OHMS) 
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Figure 3. Series Input impedance versus Frequency 


Cob, OUTPUT CAPACITANCE (pF) 


16 20 «(4 
a COLLECTOR-BASE VOLTAGE (VOLTS) 


Figure 5. Output Capacitance versus Voltage 
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Figure 2. Output Power versus Input Power 


Vcc = 125V 
Py = 26-54 W 
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2, SERIES LOAD IMPEDANCE (OHMS) 


0 as 
145 150 160 170 175 
f, FREQUENCY (MHz) 


Figure 4. Series Load Impedance versus Frequency 


C1, C5 — #423 ARCO 
C2, C6 — #425-ARCO 


C3 — 200 pF 

C4 — 100 pF O+ 
C7 — 1000 pF 

C8 — 0.01 pF 

C9 — 5 uF 


L1 — 1-1/4" #16 AWG 

L2 — Collector pad, 1 mil copper, 9/32” x 5/8” L 

L3 — 1 inch #16 AWG, 1 T, 1/4” 1.D. ; 

RFC1 — 2-1/2 T, #22 AWG on Ferroxcube VK211 07-3B 

Z1 — 5 T, #18 AWG, wound on 390 ohms, 1 watt carbon resistor 


- Figure 6. 175 MHz Test Circuit 


MOTOROLA RF DEVICE DATA 


2-1114 


MOTOROLA 
= SEMICONDUCTOR EE 
TECHNICAL DATA 


ee ae PT9700 
Advance Information a 
The RF Line : 


UHF Power Transistor 


The PT9700 is a high gain transistor designed for class C operation. Microwave cellu- 
lar geometries processed for UHF application provide both high gain and ruggedness. 

This rugged unit is suitable for both narrow band and broadband UHF communica- 
tions and instrumentation service. The product is gold metallized for long life and incor- 
porates a ceramic stripline package. 


@ 400 MHz ; 

® 1.5 W — Pout 
@28V—Vcc 

@ Gold Metallization for !mproved Reliability 

® Diffused Ballast Resistors 


.280 SOE 
CASE 244C-01, STYLE 1 


1.5 W — 400 MHz 
UHF POWER _ 
TRANSISTOR 


MAXIMUM RATINGS 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


2 


: 
—65 to + 200 °C 


Thermal Resistance, Junction to Case RgJc °C/W 


ELECTRICAL CHARACTERISTICS 


THERMAL CHARACTERISTICS 


OFF CHARACTERISTICS 


FCollecior-Emiver Breakdown Volege ic =20mAig=0 | Wenceo | % | — | — | va 
Collector-Emitter Breakdown Voltage (Ic = 1 mA, VBE = 0) | Viprces | 85 | OC | CU] 
Emitter-Base Breakdown Voltage (IE = 0.1 mA, Ic = 0) | Verso | 35 | — | — |. vac | 
[Collector CuoH Curent Noe = 90V.Vee=0) «dies «| «YS dt 


ON CHARACTERISTICS 


DC Current Gain (Ic = 100 mA, VcE = 5 V) he | 20 | — | wo | — | 


DYNAMIC CHARACTERISTICS 


(continued) 


This document contains information on a new product. Specifications and information herein are subject to change without notice. 


MOTOROLA RF DEVICE DATA 


2-1115 


PT9700 


ELECTRICAL CHARACTERISTICS — continued 


[Chaat ——SSS*d SS bt [win | Tym | Mee [Uni 


FUNCTIONAL TESTS 


Common-Emitter Amplifier Power Gain 


(VCE = 28 V, Pout = 15 W, f = 400 MHz) ee ee ee 
Collector Efficiency (Vce = 28 V. Pout = 1.5 W, f = 400 Ma SS 


poag Mistiatcn No De radation in 
(VcE = 28 V, Pout = 1.5 W, f = 400 MHz, an a ee 
Load VSWR = 00:1, All Phase Angles) P 


Saturated Output Power (VcE = 28 V, f = 400 MHz sas “a ae GE ES 
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MOTOROLA | 
a SEMICONDUCTOR m= 
TECHNICAL DATA 


toe oe | PT9700B 
The RF Line | | re Series 
UHF Power Transistors : oe 


... designed primarily for wideband, large-signal output and driver amplifier stages in 


7T09dB 


the 200.to 500 MHz frequency range. TO 400 MHz | 
@ Designed for Class C or Class AB Power Amplifiers 5 TO 30 WATTS 
© Specified 28 Volt, 400 MHz Characteristics: UHF POWER 


Output Power — 5 to 30 Watts 

Power Gain — 7 to 9 dB, Min 

Collector Efficiency — 55 to 60%, Min 
@ Gold Metallization for Improved Reliability 
® Diffused Ballast Resistors 


_ TRANSISTORS 


.280 SOE 
CASE 244C-01, STYLE 1 


MAXIMUM RATINGS 


Collector Current — Continuous 


Total Device Dissipation @ Tc = 25°C | 
Derate above 25°C 


Operating Junction Temperature 


Storage Temperature Range 


THERMAL CHARACTERISTICS 


ELECTRICAL CHARACTERISTICS 


OFF CHARACTERISTICS | 


Collector-Emitter Breakdown Voltage (Ic = 5 mA, Ip = 0) PT9701B | ViBR)CEO 
10 mA, IB = 0) PT9703B 
20 mA, IB = 0) PT9702B 
30 mA, IB = 9) PT9704B 


Characteristic Symbol | Unit | 
Thermal Resistance, Junction to Case RgJc 


Collector-Emitter Breakdown Voltage (lc = 5 mA, VBE = 0) PT9701B | ViBR)ICES 
(Ic = 10 mA, VgE = 0) PT9703B 
(l¢ = 20 mA, Vee = 0) PT9702B 
(Ic = 30 mA, Vee = 0) _ PT9704B 


Emitter-Base Breakdown Voltage (Iz = 0.5 mA, Ic = 0) PT9701B_ | ViBR)EBO 
. (IE = 1 mA, Ic = 0) PT9703B 
(lg = 2 mA, Ic = 0) PT9702B 
, (IE = 3mA, Ic = 0) PT9704B 


Collector Cutoff Current PT9701B IcBO 
(Vcp = 30V, Ie = 0) PT9703B 
PT9702B 
PT9704B 
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PT9700B Series 


ELECTRICAL CHARACTERISTICS — continued 


~ Characteristic 


ON CHARACTERISTICS 
DC Current Gain (ic = 100 mA, Vce = 5 V) 
DYNAMIC CHARACTERISTICS 


Output Capacitance PT9701B 
(VcpB = 28 V, Ip = 0, f = 1 MHz) PT9703B 

; : PT9702B 

= PT9704B 


FUNCTIONAL TESTS 


Common-Emitter Amplifier Power Gain 


(VcE = 28 V, Pout = 5 W, f = 400 MHz) PT9701B 
(VCE = 28V, Poyt = 10 W, f = 400 MHz) PT9703B 
(VCE = 28 V, Pout = 20 W, f = 400 MHz) PT9702B 
(VCE = 28 V, Pout = 30 W, f = 400 MHz) PT9704B 


Collector Efficiency 


(VCE = 28 V, Pout = 5 W, f = 400 MHz) PT9701B 
(VCE = 28V, Poyt = 10 W, f = 400 MHz) PT9703B 
(VCE = 28 V, Poyt = 20 W, f = 400 MHz) PT9702B 


PT9704B 


(VCE = 28 V, Pout = 


Load Mismatch 
(VcE = 28 V, f = 400 MHz, 
Load VSWR = ©:1, All Phase Angles) 
Pout = 5 W PT9701B 
Pout = 10 W PT9703B 
Pout = 20 W PT9702B 
Pout PT9704B. 


Saturated Output Power PT9701B 

(VcE = 28 V,f = 400 MHz) PT9703B 
PT9702B 
PT9704B 


30 W, f = 400 MHz) 


No Degradation in 
Output Power 
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PT9700B Series 


TYPICAL CHARACTERISTICS 


PT9701B — 5 WATTS 


(@P) NIV Y3MOd ‘dd5 


(SLIVM) LNdLNO YIMOd 374 


f, FREQUENCY (MHz) 


Pin, POWER INPUT (WATTS) 


Figure 1. esas versus Input Power 


Figure 2. Power Gain versus Frequency 


w+ 


oH, 


~ ~N _— Co) —_N 
\ 


(SWHO) JONVGIdW! LNdNI SauaS “H!Z 


400 


. + FREQUENCY (MHz) 


f, FREQUENCY (MHz) 


Figure 4. Series Load Impedance versus Frequency 


_ Figure 3. Series Input Impedance versus Frequency 


| (Say) IN3YYND HOLIITION ‘9} 


Vee, COLLECTOR-TO-EMITTER VOLTAGE (VOLTS) 


Figure 5. Safe Operating Area 
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PT9700B Series 
TYPICAL CHARACTERISTICS 


PT9703B — 10 WATTS 


wae 


* 
Va 
= 


Gpe, POWER GAIN (dB} 


Pout, POWER OUTPUT (WATTS) 


tN 


200 300 400 


ba o™~ 


: 00 
P;,, POWER INPUT (WATTS) | f, FREQUENCY (MHz] 
Figure 6. Output Power versus Input Power Figure 7. Power Gain versus Frequency 
95 ie eat Rasen 


= 


~ 


| Vy 
id 
mrivi 


is 
tf 


Zins SERIES INPUT IMPEDANCE (OHMS) 
Zi ads SERIES LOAD IMPEDANCE (OHMS) 


200 300 400 500 200 2=St=<C«*«‘«C0 400 500 
f, FREQUENCY (MHz) f, FREQUENCY (MHz) 
Figure 8. Series Input Impedance versus Frequency Figure 9. Series Load Impedance versus Frequency 


Ic, COLLECTOR CURRENT (AMPS) 


Veg, COLLECTOR-TO-EMITTER VOLTAGE (VOLTS) 
Figure 10. Safe Operating Area 
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PT9700B Series 
TYPICAL CHARACTERISTICS 


PT9702B — 20 WATTS 


an 

E 7 
= = 
2 S 
5 rr 
ro) = 
oa & 
3 r 
& S 
Rc 

0 1 2 3 4 5 6 ] 
P:», POWER INPUT (WATTS) f, FREQUENCY (MHz) 
Figure 11. Output Power versus Input Power Figure 12. Power Gain versus Frequency 


Zin, SERIES INPUT IMPEDANCE (OHMS) 
ZLoad: SERIES LOAD IMPEDANCE (OHMS) 


f, FREQUENCY (MHz) f, FREQUENCY (MHz) 
Figure 13. Series Input Impedance versus Frequency Figure 14. Series Load Impedance versus Frequency 


Ic, COLLECTOR CURRENT (AMPS) ; 


Vce, COLLECTOR-TO-EMITTER VOLTAGE (VOLTS) 


Figure 15. Safe Operating Area 
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PT9700B Series 
TYPICAL CHARACTERISTICS 


PT9704B — 30 WATTS 


Pout, POWER OUTPUT (WATTS) 
Gpg, POWER GAIN (dB) 


200 300 400 500 


Pine POWER INPUT (WATTS) f, FREQUENCY (MHz) 
Figure 16. Output Power versus Input Power Figure 17. Power Gain versus Frequency 


ZL, SERIES LOAD IMPEDANCE (OHMS) 
Ic, COLLECTOR CURRENT (AMPS) 


f, FREQUENCY (MHz) Vege, COLLECTOR-TO-EMITTER VOLTAGE (VOLTS) 


Figure 18. Load Impedance versus Frequency | Figure 19. Safe Operating Area 
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PT9700B Series 


Output 
Ci 
Ci — 3-35 pF ARCO #403 L1 — #22 AWG, 1/2” 
C10 — 0.9-7 pF ARCO #400 L2 — 4 turns #22 AWG, 0.1” |.D. 
C3, C9 — 10 pF UNELCO L3 — 3 Ferrite beads 
C4, C5 — 30 pF UNELCO L4 — 2 turns #22 AWG, 0.1” I.D. 
C6, C7 — 1000 pF UNELCO L5 — #22 AWG, 0.5” hairpin 
C8 — 100 uF electrolytic L6 — 3 turns #22 AWG, 0.1" I.D. 
C11 — 0-18 pF ARCO #402 R1— 1 ohm, 1/4 watt carbon resistor 


Figure 20. 400 MHz Test Circuit 
(for PT9701B and PT9703B) 


C1, C12 — 1.5-20 pF ARCO #402 L1 — 6 turns #22 AWG, 1/8” |.D. 


C2 — 15 pF UNELCO L2 — #22 AWG, 3/8" hairpin 

C3, C6, C7 — 30 pF UNELCO L3 — 1/8” by 1/4” strap 

C4, C9 — 1000 pF UNELCO L4 — 2 turns on resistor lead 

C5 — 100 uF electrolytic L5 — 3 Ferrite beads 

C8 — 35 pF UNELCO L6, L7 — 2 turns #22 AWG, 1/8" |.D. 
C10, C13 — 0.9-7 pF ARCO #400 L8 — #22 AWG, 0.3” ; 

C11 — 10 pF UNELCO Ri — 1 ohm, 1/2 watt carbon resistor 


Figure 21. 400 MHz Test Circuit 
(for PT9702B and PT9704B) 


aS ee kg ee 
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MOTOROLA 


m= SEMICONDUCTOR | 
TECHNICAL DATA 


PT9730 


The RF Line | | Series 
VHF Power Transistors 
. designed srinnanily for wideband, large-signal output amplifier stages in the 10 TO 13 dB 
30-200 MHz frequency range. TO 200 MHz 
@ Guaranteed Performance at 175 MHz, 28 Vdc | 4 TO 25 WATTS 
Output Power — 4 to 25 Watts VHF POWER 
Minimum Gain — 10 to 13 dB | | TRANSISTORS 


Collector Efficiency — 60%, Min 
@ 100% Tested for Load Mismatch at All Phase Angles with 30:1 VSWR 
© Gold Metallization for Improved Reliability 


e@ Diffused Ballast Resistors AS 


.380 SOE 
CASE 145D-01, STYLE 1 


Rating Symbol | 9730 | 9732 | 9734 | 9731 | Unit | 


MAXIMUM RATINGS 


teeta ea [eT 


Total Device Dissipation @ Tc = 25°C 20 30 45 Watts 
Derate above 25°C 5 - 0.114 | 0.173 | 0.257 Ww/°C 


Operating Junction Temperature | 


Storage Temperature Range 
THERMAL CHARACTERISTICS 


a 


Characteristic 


Thermal Resistance, Junction to Case 


ELECTRICAL CHARACTERISTICS 


Characteristic 


OFF CHARACTERISTICS 


Emitter-Base Breakdown. Voltage (IE = 1 mA, Ic = 0) 


Collector Cutoff Current PT9730 
(VcE = 25 V, Vee = 0) PT9732 
PT9734 


PT9731 


ON CHARACTERISTICS 
DYNAMIC CHARACTERISTICS 


Output Capacitance PT9730 
(VcB = 28 V, IE = 0, f = 1 Mhz) PT9732 


PT9734 
PT9731 


(continued) 
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PT9730 serles: 


ELECTRICAL CHARACTERISTICS — continued 


. | Characteristic . 


FUNCTIONAL TESTS 


Srmbot [in| Tye [Mex] Unie 


Common-Emitter Amplifier Power Gain. PT9730 
(Vce = 28 V, Pout = Rated, f = 175 MHz) PT9732 

» | PT9734 

PT9731 


Collector Efficiency (VcE = 28 V, Pout = Rated, f = 175 MHz) 


Load Mismatch 
(VcE = 28 V, Poyt = Rated, f = 175 MHz, 
Load VSWR = 0:1, All Phase Angles) 


Saturated Output Power PT9730 
(VcE = 28 Vy, f = 175 MHz) ; PT9732 
PT9734 

PT9731 


TYPICAL CHARACTERISTICS. 
_PT9730 — 4 WATTS 


No Degradation in 
Output Power 


Pout, POWER OUTPUT (WATTS) 
Gpg, POWER GAIN (dB) 


Pin POWER INPUT (WATTS) 


Figure 1. Power Input versus Power Output 


Zin, SERIES INPUT IMPEDANCE (OHMS) 
Z|, SERIES LOAD IMPEDANCE (OHMS) — 


—5L o ____] 0 ui neem 
100 4#612002«= 140~Sfs«160)~=Ss«‘180~Ss«2000 220 . 100 = 120)—S'—s«140—Ss«s 160s 180 2200S 220 
f, FREQUENCY (MHz) f, FREQUENCY (MHz) 
Figute 3. Series Input Impedance versus ereauency Figure 4. Series Load Impedance versus Frequency 
| 
= a £ 0.5 
3 = 
a 600; = 02 
— : ve 
S oe 
fe So 0 
WwW i oc 
ub 400 S 
2 2 0.05 
= a 
200) rs) 
& 0.02 
bn Sent : eee! 0.01 mae | 
0 0.1 0.2 0.3 0.4 0.5 1 2 5 10 20 ~ 50 100 
lc, COLLECTOR CURRENT (AMPS} Vee, COLLECTOR-TO-EMITTER VOLTAGE (V} 


Figure 5. Cutoff Frequency versus Current Figure 6. Safe Operating Area 
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100 


50 


f, FREQUENCY (MHz) 
Vee, COLLECTOR-TO-EMITTER VOLTAGE (V) 


Figure 12. Safe Operating Area 


Figure 8. Power Gain versus Frequency 
f, FREQUENCY (MHz) 
Figure 10. Series Load Impedance versus Frequency 
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PT9730 Series 


TYPICAL CHARACTERISTICS 
PT9734 — 15 WATTS 


24 
20 | 
a 
i= 
= S 16} 
= | 
z S 
3: cc 124 
cc = 
= is 
2 ae 
: & 
aS 
4 
ok 
0. OF é 100 420 140 160 —- 180 200 220 
Pin, POWER INPUT (WATTS) . f, FREQUENCY (MHz) 
Figure 13. Power Output versus Power Input Figure 14. Power Gain versus Frequency 


Zin: SERIES INPUT IMPEDANCE (OHMS) 


PIN TI 


Zi, SERIES LOAD IMPEDANCE (OHMS} 


aes 
PT INE 


100 «120~=té«‘U4”:té<‘«‘NSC‘«‘SSC0SC 0 
f, FREQUENCY (MHz] f, FREQUENCY (MHz) 


Figure 15. Series Input Impedance versus Frequency Figure 16. Series Load Impedance versus Frequency 


f,, CUTOFF FREQUENCY (MHz) 
Ic, COLLECTOR CURRENT (AMPS) 


0 0.3 0.6 0.9 1.2 1.5 
Ic, COLLECTOR CURRENT (AMPS) ries eanieae = sires ae (V) 
Figure 17. Cutoff Frequency versus Current _ Figure 18. Safe Operating Area — 
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PT9730 Series 


TYPICAL CHARACTERISTICS 
PT9731 — 25 WATTS 


~ Pout, POWER OUTPUT (WATTS] 
Gpe, POWER GAIN (4B) 


Pin» POWER INPUT (WATTS) 


Figure 19. Power Output versus Power Input | Figure 20. Power Gain versus Frequency 


fo») 


> 


So 


Zin SERIES INPUT IMPEDANCE (OHMS) 
Z,, SERIES LOAD IMPEDANCE (OHMS) 


~—At 4 0 
100 120 140 160 180 200 220 100 120 140 160 180 200 220 
f, FREQUENCY (MHz) f, FREQUENCY (MHz) 
Figure 21. Series Input Impedance versus Frequency Figure 22. Series Load Impedance versus Frequency 


HH 
Tah 
iam 


Ic, COLLECTOR CURRENT (AMPS) 


“T 
: tt Til 
' ; | in 2 5 10 20 50 100 
Ic, COLLECTOR CURRENT (AMPS) Voge, COLLECTOR-TO-EMITTER VOLTAGE (V 
Figure 23. Cutoff Frequency versus Current | Figure 24. Safe Operating Area 
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PT9730 Series 


(7 9 QUTPUT 
INPUT : — “a C8 
f 1 Ne D.U.T. REC . C7 : 
fo oa as 
RIS. 4 RFC2 = = | 
: ee ao ee 
= = +Vcc 4 
C1,.C8 — 7-100 pF ARCO #423 L1 — 2 turns, 0.1” wide by 0.02” thick copper strip, 1/4” I.D. 
C2 — 8-60 pF ARCO #404 L2 — 4 turns, 0.1” wide by 0.02” thick copper strip, 1/4” [.D. 
C3 —’'90 pF UNELCO 
C4 — 1000 pF UNELCO Ri — 10 ohms, 0.5 W carbon resistor 
C5 — 0.1 mF disc capacitor 
C6 — 5 mf, 50 V electrolytic RFC1 — 150 nH molded inductor 
C7 — 5-80 pF ARCO #462 RFC2 — 10,000 nH molded inductor 


RFC3 — 4 turns #16 AWG, 5/16” |.D. 


Figure 25. 175 MHz Test Circuit (PT9731) 


25 W MIN 
AT 175 MHz 


PT9730 PT9731 


Figure 26. Typical Application 
25 Watt VHF 24 V Power Amplifier 


C1 — 3-35 pF ARCO #403 L1 — 1-1/2 turns #20 AWG, 1/8" |.D. | ob C5 


C2, C8 — 8-60 pF ARCO #404 L2 — 4 turns #16 AWG, 5/16” I.D. 
C3 — 25 pF UNELCO 
C4 — 500 pF UNELCO R1— 10 ohms, 0.5 W carbon resistor a0 


C5 — 0.1 mF disc capacitor == C6 
C6 — 5 mF, 50 V electrolytic RFC1, RFC3 — 560 nH molded inductor ze 
C7 — 1.5-20 pF ARCO #402 RFC2 — 4700 nH molded inductor I +Voc = 


RFC4 — 1,000 nH molded inductor 


Figure 27. 175 MHz Test Circuit (PT9730 and PT9732) 


QUTPUT 


INPUT 


RFC2 C6 


C1 D.U.T. 
_ a6 C3 
. Ri RFC3 
C1 — 3-35 pF ARCO #403 L1 — 1/2 turn #16 AWG, 3/8" |.D. 
C2 — 8-60 pF ARCO #404 L2 — 4 turns #16 AWG, 3/8" |.D. 
C3 — 1000 pF UNELCO . 
C4 — 0.1 mF disc capacitor R1— 15 ohms, 0.5 W carbon resistor C4 
C5 — 5 mF, 50 V electrolytic 4 
C6, C7 — 1.5 20 pF ARCO #402 RFC1— 1000 nH molded inductor 
RFC2 — 6 turns #16 AWG, 3/8” I.D. C5 
RFC3 — 560 nH molded inductor + 
+Vcc 


Figure 28. 175 MHz Test Circuit (PT9734) 
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MOTOROLA 


TECHNICAL DATA 


PT97380 
The RF Line 


SSB Power Transistor 


. designed primarily for wideband, large-signal ouinurs and driver amplifier stages in | 14 dB 
the 2 to 30 MHz frequency range. | . 2-30 MHz 
® Designed for Class AB Linear Power Amplifiers . . 100 WATTS PEP 
® Specified 28 Volt, 28 MHz Characteristics: 28 VOLTS 
Output Power — 100 Watts PEP SSB POWER 


Power Gain — 14 dB Min, Class AB . TRANSISTOR 
@ 100% Tested for Load Mismatch at All Phase Angles with o:1 VSWR 
® Gold Metallization for Improved Reliability 
® Diffused Ballast Resistors - 


500 SOE F 
CASE 211-11, STYLE 1 


MAXIMUM RATINGS 


Collector-Base Wallaae 


Emitter-Base Voltage 


Collector Current — Continuous 


THERMAL CHARACTERISTICS 


cca NesiNe. ——" SRRAERMRETE SS OS AEE 
Thermal Resistance, Junction to Case : Rese °C/W 


ELECTRICAL CHARACTERISTICS 


[Vienceo [40 | 
co ae 
Collector Cutoff Current (VcE = 28 V, VBE = 0) 


ON CHARACTERISTICS 


[| PcCurrentGain(ic=tAVcee=S¥) Tre | to Tt | 


DYNAMIC CHARACTERISTICS 
Output Capacitance (Veg = 28V, Ip = 0,7 = 1 Mia) fof = | a [= | we 


(continued) 
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PT9780 


ELECTRICAL CHARACTERISTICS — continued — | ._ ; 
[Charatan —SS*d;SCS ot |Win | tp [Moe | 
‘FUNCTIONAL TESTS . - 


Common-Emitter Amplifier Power Gain 
(VcE = 28 V, Pout = 100 W PEP, f = 28 MHz, Ico = 100 mA) 


Load Mismatch N eee 
(VcE = 28 V, Pout = 100 W PEP, f = 28MHz, , ee is 
Load VSWR = ©o:1, All Phase Angles) ye urput ee 


Intermodulation Distortion 
(VCE = 28 Vdc, Poyt = 100 W PEP, Icqg = 100 mA, f = 28 MHz) 


200 


nme a 

Bey Zc 
eau 
ee f = 30 MHz 


CLASS AB 


Pout, POWER OUTPUT (WATTS, CW) 
Pout, POWER OUTPUT (WATTS, CW) 


aes 
| 0 10 20 30 40 — 
Pin, POWER INPUT (WATTS, CW) . Pins POWER INPUT (WATTS, CW) 
Figure 1. Power Output versus Power Input Figure 2. Power Output versus Power Input 
f = 100 MHz f = 30 MHz 


POWER OUTPUT 
28V = 150 W 
24V = 125 W 
20V = 100 W 


Gpe, POWER GAIN (dB) 
f,, CUTOFF FREQUENCY (MHz] 


f, FREQUENCY (MHz) s Ic, COLLECTOR CURRENT (AMPS) 
Figure 3. Power Gain versus Frequency Figure 4. Cutoff Frequency versus Current 


25 
Tc = 30°C 
20 


=e 
‘2. eee 
Lake Nboded 


10 


COP 
Corre 


Ic, COLLECTOR CURRENT (AMPS) 


IMD, INTERMODULATION DISTORTION (dB) 


0 30 60 90 120 150 0 10 20 30 40 50 
Pout, POWER OUTPUT (WATTS, PEP) — Veg, COLLECTOR-EMITTER VOLTAGE (VOLTS) a 
Figure 5. IMD versus Power Output Figure 6. DC Safe Operating Area 
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PT9780 


Rin, INPUT RESISTANCE (OHMS) 
Xin, INPUT REACTANCE (OHMS) 
RLoad: LOAD RESISTANCE (OHMS) 
XLoad, LOAD REACTANCE (OHMS} 


2 20 40 #60 #80 100 


f, FREQUENCY (MHz) f, FREQUENCY (MHz) 
Figure 7. Series Input Impedance versus Frequency Figure 8. Series Load Impedance versus Frequency 
1x1010 


aN ut 


1x109 


= 1x08 
P4 
2 
ae 
oc 
[e) 
& 

ce 1x10? 
Le 
Fe 
= 

1x108 | 

NOTE: DIVIDE BY Ic2 TO OBTAIN 
METAL LIFETIME IN HOURS. 
1x109 


80 100 120 140 160 180: 200 
Ty, JUNCTION TEMPERATURE (°C) 


Figure 9. MTTF Factor versus Junction Temperature 


+Vpp T° pF 


390 pF 


OUTPUT 
470 pF 7 L2 


= R1 — 1 0 on each emitter (0.5 0) as 
T1 — 6 turns, #22 wire tapped 2 turns from ground, on Fairrite Products #43 bead. 
T2 — 4 turns, #20 wire tapped 3-1/2 turns from ground: on Fairrite Products #43 bead. 
L1—1 wH 
L2 — 0.05 wH 


INPUT 


Figure 10. 28 MHz Test Circuit 
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MOTOROLA 
ms SEMICONDUCTOR oum 
TECHNICAL DATA | 


_ - . PT9783 
The RF Line | _ | _PT9783A 
SSB Power Transistors 


... designed primarily for wideband, large-signal output and driver amplifier stages in 414 dB 

the 2 to 30 MHz frequency range. * te ete 2-30 MHz 

@ Designed for Class A, AB and C Power Amplifiers . 50 WATTS PEP 
® Specified 28 Volt, 28 MHz Characteristics: 28 VOLTS 


Output Power — 50 Watts PEP mM | 7 SSB POWER 

Power Gain — 14 dB Min, Class AB - TRANSISTORS 
100% Tested for Load Mismatch at All Phase Angles with «0:1 VSWR 
Gold Metallization for Improved Reliability 
Diffused Ballast Resistors 


MAXIMUM RATINGS 


.380 SOE 
CASE 145D-01, STYLE 1 
PT9783A 


-.380 SOE F 
CASE 211-07, STYLE 1 
PT9783 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 


visnceo | | 


Collector-Base Breakdown Voltage (lc = 5 mA, IE = 0) V(BR)CBO 70 
Emitter-Base Breakdown Voltage (IE = 2.5 mA, Ic = 0) V(BR)EBO ae oe ae Vdc 
Collector Cutoff Current (VcE = 28 V, Veg = 0) | ICES ase be See . 


ON CHARACTERISTICS 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage (Ic = 50 mA, Ig = 0) 


DYNAMIC CHARACTERISTICS ; . 
FUNCTIONAL TESTS = 


Common-Emitter Amplifier Power Gain 
(VcE = 28 V, Poyt = 50 W PEP, f = 28 MHz, IcQ = 60 mA) 


Load Mismatch 
(VCE = 28 V, Pout = 50 W PEP, f = 28 MHz, 
Load VSWR = o:1, All Phase Angles) 


No Degradation in 
Output Power 


intermodulation Distortion 
(VCE = 28 Vdc, Poyt = 50 W PEP, ICQ = 60 mA, f = 28 MHz) 
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2-1133 


PT9783, PT9783A 


TYPICAL CHARACTERISTICS 


Pout, POWER OUTPUT (WATTS, CW) 
Pout, POWER OUTPUT (WATTS, CW! 


0 
0 0.5 1.0 «1.5 2.0 2.5 


Pins POWER INPUT (WATTS, CW) Pin, POWER INPUT (WATTS, CW) 
Figure 1. Power Output versus Power Input Figure 2. Power Output versus Power Input 
= 100 MHz f = 30 MHz 


300 
POWER OUTPUT 2 

_ Vce = 28V = 80W = 9&0 
e 2 

= 

S 3 200 
bi 

) i 150 
ra 5 

2 ne 100 

0 

0 10 20 3.0 40 5.0 
f, FREQUENCY (MHz] Ic, COLLECTOR CURRENT (AMPS) 
Figure 3. Power Gain versus Frequency Figure 4. Cutoff Frequency versus Current 


Tc = 30°C 


Ic, COLLECTOR CURRENT (AMPS) 


IMD, INTERMODULATION DISTORTION (dB) 


_ 0 
0 15 30 45 60 8675 0 10 20 30 40 50 
Pout: POWER OUTPUT (WATTS, PEP) Veg, COLLECTOR-EMITTER VOLTAGE (VOLTS) 
Figure 5. IMD versus Power Output Figure 6. DC Safe Operating Area 


Rin. INPUT RESISTANCE (OHMS) 


Xin, INPUT REACTANCE (OHMS) 
Ri oad, LOAD RESISTANCE (OHMS] 
Xt oad, LOAD REACTANCE (OHMS| 


2 20 = 40 60 80. 100 
f, FREQUENCY (MHz) f, FREQUENCY (MHz) 


Figure 7. Series Input Impedance versus Frequency Figure 8. Series Load Impedance versus Frequency 


MOTOROLA RF DEVICE DATA 


2-1134 


PT9783, PT9783A 


1x1010 f 


1x109 


‘o 1x108 
< 
bad 
2 
= 
oc 
S) 
oO 
= 1x10/ 
= 
= 
1x106 
NOTE: DIVIDE BY I¢2 TO OBTAIN 
| METAL LIFETIME IN HOURS 
1x10° 


80 100 120 140 160 180 200 


Ty, JUNCTION TEMPERATURE (°C) 


Figure 9. MTTF Factor versus Junction Temperature 


2.40 10 
Vep OC) O Vec 
+ + 
25 uF a5 Ai = 0.001 0.01 0.1 25 pF 
L2 C6 13 | | | | 
. = a + R1 LL + _ = 
C2 {> i OUTPUT 
y eT 
C4 
| 28 MHz | | 


C1 — ARCO #467, 110-580 pF 

C2, C3, C4 — ARCO #466, 80-480 pF 

C5 — ARCO #469, 170-780 pF 

C6 — 5 uF, 50 V ELE 

R1—500,2W 

L1, L4 — 5 turns #14 tinned copper, 0.5” mean diameter, 1 equals 1.0” 
L2 — 10 turns #18 AWG, 0.5” mean diameter 

L3 — 4 turns #20 AWG through two Stackpole #23-1838 cores 
L5 — 6.8 wH molded 

Vcc — 28 V 

VBB — 1.6 volts (Ic[Quies] = 100 mA) 


Figure 10. 28 MHz Test Circuit 


MOTOROLA RF DEVICE DATA 


2-1135 


a SEMICOND 


MOTOROLA | 
UCTOR SEED 
TECHNICAL DATA 


PT9784 


The RF Line PT9784A 


SSB Power Transistors 


... designed primarily for wideband, large-signal output and driver amplifier stages in 


15 dB 


the 2 to 30 MHz frequency range. 2-30 MHz 
® Designed for Class A, AB or C Power Amplifiers 75 WATTS PEP 
® Specified 13.5 Volt, 28 MHz Characteristics: 13.5 VOLTS 
Output Power — 75 Watts PEP SSB POWER 
TRANSISTORS 


Power Gain — 15 dB Min, Class AB 
® 100% Tested for Load Mismatch at All Phase Angles with co:1 VSWR 
® Gold Metallization for Improved Reliability 
® Diffused Ballast Resistors 


MAXIMUM RATINGS 


a 
[GalesortmiverVerege ——SSCS*C~dSCe S| 
rcollesorBeseVolege ——=SsS=C*~“‘“*~*~*dSCB~C*dCSC 
Emitter-Base Voltage | Vepo | 4 | dc 
dc 
ES 
C 


.380 SOE 


CASE 145D-01, STYLE 1 
PT9784A 


unit | 
A 


Total Device Dissipation @ Tc = 25°C 175 Watts 
Derate above 25°C 0.572 w/°C 
Operating Junction Temperture oe 
Storage Temperature Range —65 to +150 
THERMAL CHARACTERISTICS 380 SOE F 
Thermal Resistance, Junction to Case °C/W Evaise 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 


Charters Symbol [Min |W | Mex | Uni 
OFF CHARACTERISTICS . . . 


Collector-Base Breakdown Voltage (ic = 100 mA, Ig = 0) V(BR)CBO ee ee 
Emitter-Base Breakdown Voltage (Ip = 6 mA, Ic = 0) _V(BR)EBO ee eee 


Collector Cutoff Current (VcE = 13.5 V, VBE = 0) 
ON CHARACTERISTICS 


DC Current Gain (Ic = 1A, Vce = 5 V) | otree {| 2 | ~— | wo | — | 


FUNCTIONAL TESTS 


20 
Collector Current — Continuous Ic | 15 | Ade 
200 


WS 


Common-Emitter Amplifier Power Gain 
(VcE = 13.5 V, Poyt = 75 W PEP, f = 28 MHz) 


Load Mismatch 
“(VceE = 13.5 V, Poyt = 75 W PEP, f = 28 MHz, | 
Load VSWR = 0:1, All Phase Angles) 


Intermodulation Distortion 
(VCE = 13.5 Vdc, Poyt = 75 W PEP, f = 28 MHz) 


No Degradation in 
Output Power 


MOTOROLA RF DEVICE DATA 


2-1136 


PT9784, PT9784A 


TYPICAL CHARACTERISTICS 


Nee Nettles 
Rees eee 
Ne 


Cob, OUTPUT CAPACITANCE (pF) 
Z,, SERIES LOAD IMPEDANCE (OHMS) 


"Zn, SERIES INPUT IMPEDANCE (OHMS) 


0 
10 15 20 25 : 10 15 20 25 30 
Vcp, COLLECTOR-BASE VOLTAGE (VOLTS) | f, FREQUENCY hae _ f, FREQUENCY (MHz) 


Figure 1. Output Capacitance Figure 2. Series Input Impedance Figure 3. Series Load Impedance 
versus Voltage versus Frequency ; versus Frequency 


12 OUT 


L4 


C11} C13} C14! C18} C19 


= Ri 


o— —* C ) 13.5 V 
Capacitors: feed 
C1 — 423 ARCO . 
C2, C3, C4, C6, L7 
C7, C9, C10, 
C13, C18, C19 — 1000 pF UNELCO 
C5 — 500 pF UNELCO 
C8 — 400 pF UNELCO 
C11 — 250 pF UNELCO 
C12, C15 — 0.1 Disc. 
C14 — 469 ARCO 
- C€16— 0.01 Disc. 
C17 — 25 MED, 35 Volts 


Resistors: 
R1—51 Ohms. 
R2 — 16 Ohms 2 W 


Coils: 
L1 — #18 AWG, 1-3/8” Long, Looped 3/8” Curve 
L2 — #18 AWG, 1-1/8” Long, Looped 1/4” Curve 
L3 — 2-1/2 T, #24 AWG, Looped thru Ferroxcube VK21107-3B CORE MATERIAL 
L4 — 8T, #18 AWG, 2 ID, 5/8” Long _ CN20 (C-1-2) 
LS _ #18 AWG, ied Long, straight 


Brass Tube 


L7 — 10 T, #20 ‘AWG, Enamel; rigueaee around 16 Ohm, 2 Watt resistor 


- Transformers: 
Ti — Primary — 4 T, #22 AWG, Teflon insulated 
Secondary — Brass Tube, Length — 11/16” 
T2 — Primary — Brass Tube, Secondary — 3 T, #22 AWG 
Teflon insulated, Length — 1-1/4” 


Figure 4. 28 MHz Test Circuit 


‘MOTOROLA RF DEVICE DATA 


2-1137 


~ MOTOROLA 
= SEMICONDUCTOR ox 
TECHNICAL DATA | 


PT9785 


The RF Line 
SSB Power Transistor 


... designed primarily for wideband, large-signal output and driver amplifier stages in 13 dB 

the 2 to 30 MHz frequency range. 2-30 MHz 

® Designed for Class A, AB or C Power Amplifiers 100 WATTS PEP 

® Specified 13.5 Volt, 28 MHz Characteristics: 13.5 VOLTS 
Output Power — 100 Watts PEP | SSB POWER 


Power Gain — 13 dB Min, Class AB 
® 100% Tested for Load Mismatch at all Phase Angles with oo:1 VSWR 
@ Gold Metallization for Improved Reliability 
® Diffused Ballast Resistors 


TRANSISTOR 


500 SOE F 
CASE 211-11, STYLE 1 


MAXIMUM RATINGS 


Collector Current — Continuous 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


Operating Junction Temperature 


THERMAL CHARACTERISTICS 


Thermal Resistance, Junction to Case . R@JC a Cee °C/W 


ELECTRICAL CHARACTERISTICS 
Characteristic Symbol Min Typ Max Unit 


OFF CHARACTERISTICS 


ON CHARACTERISTICS | 
DC Current Gain (Ic = 2A, Vcg = 5 V) he | 20 | — | to | — | 
FUNCTIONAL TESTS 


Common-Emitter Amplifier Power Gain 
(VcE = 13.5 V, Pout = 100 W PEP, f = 28 MHz) 


Load Mismatch No Degradation in 
(VCE = 13.5 V, Pout = 100 W PEP, f = 28 MHz, Out — Power 
Load VSWR = 0:1, All Phase Angles) P 


intermodulation Distortion 
(VCE = 12.5 Vde, Poyt = 100 W PEP, f = 28 MHz) 


MOTOROLA RF DEVICE DATA 


2-1138 


PT9785 


Cob, OUTPUT CAPACITANCE (pF) 


C1 


C1 — 425 ARCO 
C2 — 467 ARCO 
C3 — 469 ARCO 
C4 — 0.1 ufD 

C5, C6 — 5 wfD 
C7, C8 — 0.1 wfD 
C9 — 100 nfD 


C10 — 1000 pF UNELCO 
C11 — 100 pF UNELCO 


C12 — 466 ARCO 
C13 — 427 ARCO 


_ TYPICAL CHARACTERISTICS _ 


Veb, COLLECTOR-BASE VOLTAGE (VOLTS) 


Figure 1. Output Capacitance versus Voltage 


C6 
R3 
L6 C13 
1 | 
. ‘?~ & 
Ss L5 C11 C12 
C2 C3 : 
, La 
C7] cal cal cro | ai 
DIY. R1 2 R2 7 
¥ 
cal 5 O 
L2 - 
C) 13.5 V 


Li —4T., #16 AWG, 7/16” ID, 3/4” Long with 
5/8” long lead on base side. 

L2 — 0.33 wH Delevan 

L3 — 10 wH Delevan 

L4 — 1 wH Delevan 

L5 — 4 T., #20 wire wound on 2 Stackpole 
Carbon Co. Ferrite #9500 DO A723-1838. 

L6 — 4T., #10 AWG, 1/2” ID, 1” long. 

D1 — Power diode 
R1,,.R2 — 2.7 Ohms 
R3 — 51 Ohms 2W 


*Note: Set voltage for 100 mA idle collector current. 


Figure 2. 28 MHz Test Circuit 


MOTOROLA RF DEVICE DATA 


2-1139 


MOTOROLA 


a SEMICONDUCTOR m@ 
TECHNICAL DATA 


PT9790 
The RF Line | _ 
SSB Power Transistor 


... designed primarily for wideband, large-signal output and driver amplifier stages in 15 dB 

the 2 to 30 MHz frequency range. 2-30 MHz 

@ Designed for Class A, AB or C Power Amplifiers 150 WATTS PEP 

® Specified 50 Volt, 28 MHz Characteristics: 50 VOLTS 
Output Power — 150 Watts PEP SSB POWER 
Power Gain — 15 dB Min, Class AB TRANSISTOR 


@ 100% Tested for Load Mismatch at all Phase Angles with o:1 VSWR 
© Gold Metallization for Improved Reliability 
e Diffused Ballast Resistors 


500 SOE F 
CASE 211-11, STYLE 1 


MAXIMUM RATINGS 


Total Device Dissipation @ Tc = 25°C Pp 
Derate above 25°C 


Operating Junction Temperature 
Storage Temperature Range 
THERMAL CHARACTERISTICS 


ELECTRICAL CHARACTERISTICS 


hares ——SSSS~dCSS br Min ve MeO 
OFF CHARACTERISTICS 
vances | [| — [| — 


Collector-Emitter Breakdown Voltage (Ic = 50 mA, Ip = 0) 


Collector-Base Breakdown Voltage (lc = 100 mA, Ig = 0) V(BR)CBO ee ee eee 
Emitter-Base Breakdown Voltage (IE = 5 mA, Ic = 0) V(BR)EBO Ee eee 


ON CHARACTERISTICS 


DYNAMIC CHARACTERISTCS 


~ (continued) 


MOTOROLA RF DEVICE DATA 


2-1140 


PT9790 


pee ee ERO ROCTERISIC> — continued | 


Characteristic 


FUNCTIONAL TESTS 


Common-Emitter Amplifier Power Gain 
(VcE = 50 V, Pout = 150 W PEP, f = 28 MHz, Icq = 50 mA) 


Load Mismatch No D danse. 
(VCE = 50 V, Iq = 50 mA, Poyt = 150 W PEP, f = 28 MHz, . egra oe in 
Load VSWR = 00:1, All Phase Angles) utput Power 


intermodulation Distortion 
(VcE = 50 Vdc, Poyt = 150 W PEP, Icq = 50 mA, f = 28 MHz) | 


ae 100 mA 
Pout = 150 W CW 


Ic(q) = 100 mA 


Zi oad: SERIES LOAD IMPEDANCE (OHMS) 
Zin, SERIES INPUT IMPEDANCE (OHM) 


f, FREQUENCY (MHz) : : f, FREQUENCY (MHz) : 
Figure 1. Series Load Impedance versus Frequency Figure 2. Series Input Impedance versus Frequency 


NOTE: DIVIDE MTTF BY Ic2 TO OBTAIN 
METAL LIFETIME IN HOURS 


th Un 
IIIT. 


30 170 190 210 230 250 
: J aONcien TEMPERATURE (°C) 


MTTF FACTOR (HRS. x AMP2) 


Figure 3. MTTF Factor versus Junction Temperature 


MOTOROLA RF DEVICE DATA 


2-1141 


PT9790 


C1, C5 — 170-780 pF, ARCO 469 Trimmer capacitor 
C2, C4 — 80-480 pF, ARCO 466 Trimmer capacitor 
C3 — 55-300 pF, ARCO 427 Trimmer capacitor 

C6 — 1000 pF Mica Capacitor UNELCO 

C7 — 10 wF Ceramic Disc 

C8, C10 — 0.1 uF Ceramic Disc 

C9, C11 — 470 wF/63 V Electrolytic 


L1—5 turns 15/10 mm Silvered wire, 10 mm ID, 25 mm length 
L2 — 10 turns 8/10 mm Enameled wire, 10 mm ID 

L3 — 4 turns 12/10 mm Enameled wire, 10 mm ID, 10 mm length 
L4— 7 turns 15/10 mm Enameled wire, 10 mm ID, 20 mm length 


Ri—10,2W 
R2— 2.70,2W 


Figure 4. 28 MHz Test Circuit 


MOTOROLA RE DEVICE DATA 


2-1142 


MOTOROLA 
m= SEMICONDUCTOR am 
TECHNICAL DATA 


PT9798 
The RF Line | 


SSB Power Transistor 


... designed primarily for wideband, large-signal output and driver amplifier stages in 15 dB 
the 2 to 30 MHz frequency range. 2-30 MHz 
® Designed for Class A, AB or C Power Amplifiers 75 WATTS 
@ Specified 50 Volt, 28 MHz Characteristics: . 50 VOLT 
Output Power — 75 Watts | RF POWER 


Power Gain — 15 dB Min z TRANSISTOR 
e@ 100% Tested for Load Mismatch at all Phase Angles with oo:1 VSWR 
@ Gold Metallization for Improved Reliability 
@ Diffused Ballast Resistors 


.380 SOE F 
CASE 211-07, STYLE 1 


MAXIMUM RATINGS 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


THERMAL CHARACTERISTICS 


ELECTRICAL CHARACTERISTICS 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage (Ic = 50 mA, Ip = 0) V(BR)CEO a a ee 
Collector-Base Breakdown Voltage (Ic = 100 mA, Ig = 0) V(BR)CBO | 10 {| — | — [ vac | 
Emitter-Base Breakdown Voltage (ig = 5 mA, Ic = 0) ViBR)JEBO a ee ee 


ON CHARACTERISTICS 
DC Current Gain (ic = 1A, Vce = 5 V) 
FUNCTIONAL TESTS 


Common-Emitter Amplifier Power Gain 


Load Mismatch 
(VcE = 50 V, Pout = 75 W PEP, f = 28 Mhz, 
Load VSWR = o:1, All Phase Angles) 


No Degradation in 
Output Power 


MOTOROLA RF DEVICE DATA 


2-1143 


PT9798 


TYPICAL CHARACTERISTICS 


CONDITIONS: 
Vec = 50V 
Ico = 60 mA 
Pout = 75 WATTS 


Figure 1. Series Equivalent Input Impedance 


MOTOROLA RF DEVICE DATA 


2-1144 


MOTOROLA 
a SEMICONDUCTOR & 
TECHNICAL DATA 


RF1029 
The RF Line | | | 
UHF Power Transistor 


... designed primarily for wideband, large-signal output and driver amplifier stages to 8dB 

1 GHz. i TO 1 GHz 

@ Designed for Class A Linear Power Amplifiers 1.5 WATTS 

®@® Specified 25 Volt, 900 MHz Characteristics: LINEAR 
Output Power — 1.5 Watts | ‘UHF POWER 
Power Gain — 8 dB Min, Class AB TRANSISTOR 


® Gold Metallization for Improved Reliability 


.280 SOE 
CASE 244C-01, STYLE 1 


MAXIMUM RATINGS 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C é W 


SO 
[Storage TemperatureRange—=SCSCSC~*~“~*~“~*~*“‘~*S*S*~*~YSC(i@ dw HO 
THERMAL CHARACTERISTICS 

Saat —SSS~*™rC«C at || 
[Thermal Resistance, Junsionve ase c= 77 ——=SSCS~=~C~*‘“‘*~*srSC =O SCC 


ELECTRICAL CHARACTERISTICS 


SSCs ——SSS*~*S*drC«R mt || TMU 


OFF CHARACTERISTICS 


ON CHARACTERISTICS 


DC Current Gain (Ic = 250 mA, Vcge = 5 V) NFE E20) ee BOL eee 


DYNAMIC CHARACTERISTICS 


Output Capacitance (og = 28. ie = Of = 1 WHA nea ae ee 


(continued) 


MOTOROLA RF DEVICE DATA 


2-1145 


RF1029 


ELECTRICAL CHARACTERISTICS — continued 


[Characteristic | Symbot | Min | Typ | Max | Unit | 


FUNCTIONAL TESTS 


Common-Emitter Amplifier Power Gain 
(VcE = 25V, Pout = 1.5 W, f = 900 MHz, Ic = 0.2 A) 


Load Mismatch 
(VcE = 25 V, Ic = 0.2 A, Pout = 1.5 W, f = 900 MHz, 
Load VSWR = o:1, All Phase Angles) 


No Degradation in 
Output Power 


TYPICAL CHARACTERISTICS 


Vec = 26V, lc = 02A 


Zin, SERIES INPUT IMPEDANCE (OHMS) 
Zi oad: SERIES LOAD IMPEDANCE (OHMS) 


f, FREQUENCY (MHz) f, FREQUENCY (MHz) 


Figure 1. Input Impedance versus Frequency Figure 2. Load Impedance versus Frequency 


MOTOROLA RF DEVICE DATA 


2-1146 


MOTOROLA 


a] SEMICONDUCTOR & 
TECHNICAL DATA 


RF1030 


The RF Line 
UHF Power Transistor 


75 dB 


: : : i : at ae TO 1 GH 
... designed primarily for wideband, large-signal output and driver amplifier stages to 3 Sa aTTE 
1 GHz. LINEAR 
@ Designed for Class A Linear Power Amplifiers UHF POWER 
@ Specified 25 Volt, 900 MHz Characteristics: . TRANSISTOR 


Output Power — 3 Watts 
Power Gain — 7.5 dB Min, Class AB 
@ Gold Metallization for Improved Reliability 


aie 


.280 SOE 
CASE 244C-01, STYLE 1 


MAXIMUM RATINGS 


c 


THERMAL CHARACTERISTICS 


Thermal Resistance, Junction to Case (Tc = 70°C) | Ruc | 6 | cow | 


ELECTRICAL CHARACTERISTICS 


OFF CHARACTERISTICS 


FCallestortmiterBreskdown Votage ig = 15mAle=0 | Vismceo | 39 | — | — | vee 
Collector-Emitter Breakdown Voltage (lc = 15 mA, Vge = 0) -werrces | 6 | — | — | vac | 
Collector Base Breakdown Votage (c= 18mAle= 0 | Wamcso | 69 | — | — | vae_! 
miter Bese Breskdown Vohege le = SmA l= 0 | Waeneso | _¢ | — | — | vee _| 
collector Guo Current Veg 26Vie=0 ——*dY—scwo | | (| Ce 


ON CHARACTERISTICS 


DC Current Gain (Ic = 500 mA, VcE = 5 V) HFE | 2 | — | so | — | 


DYNAMIC CHARACTERISTICS 


(continued) 


MOTOROLA RF DEVICE DATA — 


2-1147 


RF 1030 


ELECTRICAL CHARACTERISTICS — continued 


FUNCTIONAL TESTS 
Common-Emitter Amplifier Power Gain 


(VcE = 25 V, Pout = 3 W, f = 900 MHz, Ic = 0.4 A) 


Load Mismatch 
(VcE = 25 V, Ic = 0.4A, Poyt = 3 W, f = 900 MHz, 
Load VSWR = o:1, All Phase Angles) 


No Degradation in — 
Output Power 


TYPICAL CHARACTERISTICS 


Zin, SERIES INPUT IMPEDANCE (OHMS) 
Zi oad, SERIES LOAD IMPEDANCE (OHMS) 


f, FREQUENCY (MHz) f, FREQUENCY (MHz) 


Figure 1. Input Impedance versus Frequency Figure 2. Load Impedance versus Frequency 


MOTOROLA RF DEVICE DATA 


2-1148 


MOTOROLA | 
= SEMICONDUCTOR sae 
TECHNICAL DATA 


The RF Line 


RF1031 
UHF Power Transistor 


... designed primarily for wideband, large-signal output and driver amplifier stages to | 7 dB 

1 GHz. . TO 1 GHz 

@ Designed for Class A Linear Power Amplifiers ncaa 

@ Specified 25 Volt, 900 MHz Characteristics: | eee UHF POWER 
Output Power — 4.5 Watts TRANSISTOR 


~ Power Gain — 7 dB Min, Class AB 
@ Gold Metallization for Improved Reliability 


.280 SOE 
CASE 244C-01, STYLE 1 


MAXIMUM RATINGS | 


Total Device Dissipation @ Tce = 25°C | Pp 
.  Derate above 25°C — 0.286 WC 


THERMAL CHARACTERISTICS 


CSC SSSSSC*dSCS mbt | Moe 
Thermal Resistance, Junction to Case (Tc = 70°C) 


ELECTRICAL CHARACTERISTICS 
Characteristic Symbol! Min Typ Max Unit 


OFF CHARACTERISTIC | 


Collector-Emitter Breakdown Voltage (Ic = 20 mA, Ip = 0) V(BR}CEO 
Collector-Emitter Breakdown Voltage (Ic = 20 mA, VBE = 0) V(BR)CES | 60 | 
Collector-Base Breakdown Voltage (Ic = 20 mA, IE = 0) V(BR)CBO | 60 | 


Emitter-Base Breakdown Voltage (IE = 5 mA, Ic = 0) ViBR)EBO 
Collector Cutoff Current (Vcgp = 25 V, IE = 0) ICBO 


ON CHARACTERISTICS 


[De CurrentGain(ic=1AVee=8¥) Te || OT 


DYNAMIC CHARACTERISTICS 


(continued) 


MOTOROLA RF DEVICE DATA 


2-1149 


RF1031 


ELECTRICAL CHARACTERISTICS — continued 


FUNCTIONAL TESTS 


Common-Emitter Amplifier Power Gain GpE 7 
(VcE = 25 V, Pout = 4.5 W, f = 900 MHz, Ic = 0.6 A) 


Load Mismatch 


ie 22 7 es No Degradation in 
(VcE = 25 V, Ic = 0.6A, Pout = 4.5 W, f = 900 Mile, Outour Power 


Load VSWR = o:1, All Phase Angles) 


TYPICAL CHARACTERISTICS 


Vec = 25V, Ic = 0.6A 
Po = 45W 


Zin, SERIES INPUT IMPEDANCE (OHMS) 
2 oad, SERIES LOAD IMPEDANCE (OHMS) 


f, FREQUENCY (MHz) f, FREQUENCY (MHz) 


Figure 1. Input Impedance versus Frequency Figure 2. Load Impedance versus Frequency | 


~ MOTOROLA RF DEVICE DATA | 


2-1150 


MOTOROLA 


am SEMICONDUCTOR & 
TECHNICAL DATA 


RF1032 


The RF Line 
UHF Power Transistor 


65 dB 
| | | ; TO 1 GHz 
... designed primarily for wideband, large-signal output and driver amplifier stages to ~ 6 WATTS 
1 GHz. LINEAR 
® Designed for Class A Linear Power Amplifiers . UHF POWER 
® Specified 25 Volt, 900 MHz Characteristics: TRANSISTOR 


Output Power — 6 Watts 
Power Gain — 6.5 dB Min, Class AB 
® Gold Metallization for Improved Reliability 


a 


.280 SOE | 
CASE 244C-01, STYLE 1 


MAXIMUM RATINGS 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


200 
THERMAL CHARACTERISTICS . 


Characteristic 


Thermal Resistance, Junction to Case (Tc = 70°C) 


ELECTRICAL CHARACTERISTICS . 


P< Gharcinede ——dSpmt[e | 
OFF CHARACTERISTICS 
Collector Cutoff Current (Vcg = 25 V, Ie = 0) } 


ON CHARACTERISTICS 


DYNAMIC CHARACTERISTICS 
Output Capacitance (Vcgp = 28 V, IE = 0, f = 1 MHz) Cob fF — [| = | 19.5 
FUNCTIONAL TESTS 


Common-Emitter Amplifier Power Gain 
(VCE = 25 V, Pout = 6 W, f = 900 Miz, Ic = 0.85 A) 


Load Mismatch (VcE = 25 V, Pout = 6 W, f = 900 MHz, . No Degradation in 
Load VSWR = o:1, All Phase Angles) Output Power 


MOTOROLA RF DEVICE DATA 


2-1151 


MOTOROLA 


a SEMICONDUCTOR & 
TECHNICAL DATA 


| | TP212 
The RF Line | TP212S 


VHE Power Transistors 


1.5 W — 88 MHz 
VHF POWER TRANSISTORS 
NPN SILICON 


... designed primarily for portable radio applications requiring low battery voltage. 
These parts have been designed and characterized for operation in the frequency range 
of 66-88 MHz. 


88 MHz 

1.5 W — Pout 
7.5V—Vecc 
13 dB Gain 


6 @ @ 


MAXIMUM RATINGS 


veo [6 
1.7 


.280 SOE 
CASE 244C-01, STYLE 1 
TP212 


Total Device Dissipation @ Tc = 25°C 


Derate above 25°C 
Storage Temperature Range — 1 —65 to +200 


THERMAL CHARACTERISTICS 


Thermal Resistance, Junction to Case RaJc °C/W 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 


OFF CHARACTERISTICS | 


Collector-Emitter Breakdown Voltage (Ic = 50 mA, Ip = 0) = Foo [de 
Collector-Base Breakdown Voltage (Ic = 10 mA, Ig = 0) | verycpo | 36 | — | — | Vde 
Emitter-Base Breakdown Voltage (Ip = 2mMA,Ic = 0) | vprepo | 4 | — | — | Vde 
Collector Cutoff Current (Vep = 18 Vlg = 0 T~teso. | — [| = 11) made | 


ON CHARACTERISTICS 
DC Current Gain (Ic = 200 mA, VcgE = 5 V) 


.280 SOE S 
CASE 249A-01, STYLE 1. 
TP212S 


DYNAMIC CHARACTERISTICS | | 
FUNCTIONAL TESTS - | a 


Output Power (Vcge = 7.5 V, f =.88 MHz, Pi, = 0.075 W) 
Collector Efficiency (VcE = 7.5 V, f = 88 MHz, Poyt = 1.5 W) 


Output Mismatch Stress 
(VcE = 7.5 V, f = 88 MHz, Poyt = 1.5 W, 
Load VSWR = 20:1, All Phase Angles) 


No Degradation in 
Output Power 


(continued) 


MOTOROLA RF DEVICE DATA 


2-1152 


TP212, TP212S 
ELECTRICAL CHARACTERISTICS — continued | | | 
eS 


FUNCTIONAL DATA 
Input Impedance, Common Emitter Amplifier 2.54 — 13.5 (Typ) Oh 
54 — j3. yp) Ohms 
Z a 


(Vce = 7.5 V, f = 88 MHz, Pi, = 0.075 W) 


Load Impedance, Common Emitter Amplifier 
(VCE = 75 V, f = 88 MHz, Pout = 1.5 W) 


C6 C7 «(C8 


Vcc 


no 
a 
= 
= 
. ti 
» C1, C2, C3 — 24-200 pF ARCO 425 S 
C4 — 7-100 pF ARCO 423 ES 
C5 — 1000 pF mica capacitor UNELCO a 
C6 — 10 nF ceramic disc = 
C7 — 0.1 uF ceramic disc Oo 
C8 — 100 pF/35 V electrolytic 3 
: Qa. 
’ £1, L4— 4 turns 14 AWG 1/2” 1.D. 
L2 — 0.47 pH 
L3 — 6 turns 14 AWG 1/2” |.D. Close Wound 
R1 — 47 ohms Pin, INPUT POWER (mW) 
Figure 1. 88 MHz Test Circuit Figure 2. Output Power versus Input Power 


NOTE: DIVIDE BY I¢2 
TO OBTAIN METAL 
LIFETIME IN HOURS. 


MTTE FACTOR (HRS x AMP2} 
Pp, POWER DISSIPATION (WATTS) 


0 50 100 150 
Ty, JUNCTION TEMPERATURE (°C) Tc, CASE TEMPERATURE (°C} 
Figure 3. MTTF Factor versus Junction Temperature Figure 4. Power Dissipation versus Case Temperature 


MOTOROLA RF DEVICE DATA 


2-1153 


MOTOROLA 
Mi TOR mam 


TECHNICAL DATA — 


The RF Line | ; 
= Power Transistor 


... designed primarily for portable radio applications requiring low battery voltage. 200 mW — 512 MHz 
These parts have been designed and characterized for operation in the frequency range UHF POWER TRANSISTOR 
of 400-512 MHz. NPN SILICON 


@® 400-512 MHz 

® 0.2 W aes Pout 

@©75V—Vcc 

® 13 dB Gain 

® Gold Metallization for Reliability 


.200 SOE 
CASE 305C-01, STYLE 1 


MAXIMUM RATINGS . 


Collector Current — Continuous 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


Operating Junction Temperature 
Storage Temperature Range 
THERMAL CHARACTERISTICS 2 | 
Thermal Resistence, uncon toCese 


ELECTRICAL CHARACTERISTICS 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage (Ic = 5 mA, Ig = Q) 
Emitter-Base Breakdown Voltage (IE = 1 mA, Ic = 0) | Verso | 4 | — | — | Vdc 
collector Cuter CunentiVeg=15V.ie=0 ig 


ICBO 
ON CHARACTERISTICS 


DYNAMIC CHARACTERISTICS 


(continued) 


MOTOROLA RF DEVICE DATA 


9.4154 


TP251 


ELECTRICAL CHARACTERISTICS — continued 
[astern ———SSSSSC*dC tot “| n | Typ | WoO 
FUNCTIONAL TESTS 


Common-Emitter Amplifier Power Gain 
(VcE = 7.5 V, Pout = 175 mW, f = 470 MHz, lq = 10 mA) 


Common-Emitter Amplifier Power Gain 
(VcE = 9.6 V, Pout = 200 mW, f = 470 MHz, Iq = 10 mA) 


Collector Efficiency 
(VcE = 7.5 V, Pout = 175 mW, f = 470 MHz, Iq = 10 mA) 


Input Impedance, Common Emitter (Typ) 
(VcE = 7.5 V, lg = 10 mA, Poyt = 175 mW, f = 470 MHz) 


f = 470 MHz 


lo = 10mA 


mae 
wa 
Za 
at 


Pout, OUTPUT POWER (mW) 
= 
Gp, POWER GAIN (dB) 


EERE 
ANS 
| | a IAN 
lh tM okd 
ERR 


100 
10 15 
Pin, INPUT POWER (mW) f, FREQUENCY (MHz) 
Figure 1. Output Power versus Input Power Figure 2. Power Gain versus Frequency 
Bs 6 = 7) Ay 
= : = = Ss 
= oe: s 
pees Oe = < < 
es be Da GB 
” 5 Q B 
w x wn a ~ 
ae, = rr Lu _ 
x o oa = 
K ke Bes 2 
> = So g 
Z Be et Th = 
c 4 x OS o. 
400 440 . 480 520 
f, FREQUENCY (MHz) “ f, FREQUENCY (MHz) 


Figure 3. Input Impedance versus Frequency = Figure 4. Output impedenne versus Frequency 


| | MOTOROLA RF DEVICE DATA. | | 


2-1155 


TP251 


C1 — 27 pF Ceramic 632 RTC 

C2 — 8.2 pF Ceramic 632 RTC 

C3 — 3~20 pF Trimmer Capacitor 
C4 — 22 pF Ceramic 632 RTC 

C5, C6 — 1000 pF Ceramic 629 RTC 
C7 — 10 nF Ceramic 629 RTC 

C8 — 10 wF/25 V Electrolytic 


L1— Stripline Zp = 70 ohms | = 0.061 A 
L2 —Stripline Zo = 700hms | = 0.026 fref = 480 MHz | 
L3 — Stripline Zp = 500hms | = 0.031 A 


L4, L5 — 0.15 wH Molded Coil 
L6 — 3 turns, Silvered Wire 6/10 mm, 4 mm 1|.D., 8 mm length 


R1— 510 © Carbon Composition 1/4 W 


Figure 5. 400-512 MHz Test Circuit 


MOTOROLA RF DEVICE DATA 


2-1156 


MOTOROLA 
s SEMICONDUCTOR se 


TECHNICAL DATA 


 -TP254 
The RF Line  TP254S 


UHF Power Transistors 


... designed for 5 to 10 Volt UHF large-signal ampiingl sppvedtons in industrial and 1.5 W — 470 MHz 


commercial FM equipment. UHF POWER 
@ 470 MHz . TRANSISTORS 
®7.5V—Vcc 


® High Gain — 10 dB Typ @ 470 MHz 


MAXIMUM RATINGS 


.280 SOE 
CASE 244C-01, STYLE 1 
TP254 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


.280 SOE S 
CASE 2494-01, STYLE 1 
TP254S 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage (Ic = 10 mA, Ig = 0) VIBR)CEO 
Collector-Emitter Breakdown Voltage (Ic = 8 mA, VpF = 0) V(BR)CES 


Emitter-Base Breakdown Voltage (Iz = 0.2 mA, Ic = 0) V(BR)EBO 
Collector Cutoff Current (VcE = 9 V, IB = 0) ICEO | oo. | 


ON CHARACTERISTICS 


DYNAMIC CHARACTERISTICS 


MOTOROLA RF DEVICE DATA 


2-1157 


TP254, TP254S 


ELECTRICAL CHARACTERISTICS — continued (Tc. = 25°C unless otherwise noted) 


[Rhea ——SS—*dCSymbt | Min | Top | Mex | Unt 


FUNCTIONAL TESTS 


Common-Emitter Amplifier Power Gain 
(VcE = 7.5 V, Pout = 1.5 W, f = 470 MHz) 


Collector Efficiency (VcE = 7.5 V, Pout = 1.5 W, f = 470 MHz) 


Load Mismatch 
(VcE = 10 V, Pout = 1.5 W, f = 470 MHz, 
Load VSWR = 0:1, All Phase Angles) 


No Degradation in 
Output Power 


TYPICAL CHARACTERISTICS 


Pout, OUTPUT POWER (WATTS) 


Meee’ Recevcecyeerevetevevectcecedtedeccecceteececeryececerdessecergeacente 
= 470 MHz 
Vop = 7.5V 


0 ; g ; : Z : : : ; 
0 100 200 300 400 500 600 700 800 900 1000 
Pin, INPUT POWER (mW} 


Figure 1. Output Power versus Input Power 


O Vcc 
comm om FQ Do 
ye rs 
<a 
va a 
Rt 3 = 
ee C10 . C4 7 
” , yl ay OUTPUT 
INPUT St 12 : cg 50.0 
50 0 L'2 L’3 ©) 
C U1 L"1 
C2 C8 i 
sf, 


C1 


C8 — 0.9-7 pF ARCO #400 

C2, C9, C1 — 3-35 pF ARCO #403 
C3 — 30 pF UNELCO 

C4 — 380 pF Chip 

C6, C10 — 1000 pF UNELCO 

C7 — 47 nF 

C5 — 100 pF Electrolytic 

Ri — 100 Ohms 1/2 W 


Li — 0.5 mm, 0.2 mm long, wire g 0.5 € = 0.20 mm 
L2 — 4 turns g 0.5 mm wire 3 mm !D 

L3 — 1 «H choke, molded 

L4 — 7 turns, 0.5 mm wire, 3 mm ID 

L5 — 4 turns wire on ferrite bead, 10 mm OD 

L'1 — length, 24 mm width, 7 mm 

L’2 — length, 21 mm width, 7 mm 

L'3 — length, 18 mm width, 7 mm 


Board Material: 1/6” epoxy glass 


Figure 2. Test Circuit 


MOTOROLA RF DEVICE DATA 


2-1158 


MOTOROLA 


mu SEMICONDUCTOR am 
TECHNICAL DATA 


Se lea? Saige | TP301 
The RF Line | : aan ea Ay TP301S 


UHF Power Transistors 


. designed for 5 to 10 Volt UHF sige: signal amplifier dpolicaians in industrial and 0.8 W — 900 MHz 
commercial FM equipment operating in the 820 to 960 MHz frequency band. The TP301S “UHF POWER 
is ideally suited for portable radio applications where low voltage and high packaging ‘TRANSISTORS 
density are required. _ 


@ 900 MHz 

® 0.8 W — Pout. 

©96V—Vcc . * 
@ High Gain — 9.5 dB Typ @ 900 MHz 


MAXIMUM RATINGS 


eee ) 
ee ae 
-opeang neon Temperte 
THERMAL CHARACTERISTICS 

eS 
[Tema Reioresdonontecee [fe [| ow | 


_ .200 SOE 
CASE 305B-01, STYLE 1 
TP301 


.200 SOE S 
_ CASE 305C-01, STYLE 1 
TP301S 


Collector-Base Breakdown Voltage (Ic = 2 mA, ice = 0) ViBRICEO" Pa 


Emitter-Base Breakdown Voltage (Ip = 0.5 mA, Ic = 0) V(BR)EBO 


Collector Cutoff Current (VcE = 9V, Ip = 0) ICEO | | 


ON CHARACTERISTICS 


Cs seen nae anon eee nese SOR 


DYNAMIC EAE Vena 


FUNCTIONAL TESTS 


Common- Emitter Amplifier Power-Gain  ~ 
(VCE = = 9.6 V, Pout = 0.8 W, f = 900 MHz) 


Collector Efficiency (VcE-= 9.6 V, Pout = 0.8 W, f = 900 MHz). 


Load Mismatch . 
(VcE = 12.5 V,. Pout = = 0.8 W, f = 900 MHz, 
Load VSWR = = 00:1, All Phase Angles) , 


No Degradation in 
Output Power 


MOTOROLA RF DEVICE DATA 


2-1159 © 


TP301, TP301S 


TYPICAL CHARACTERISTICS 


5f = 850 MHz 
ee ~ 940 


waeebocrns., 
POOR See Sie ag S 


, 


f= 850 MHz 


an. 

- 

= 

oc 

Lad e 

= ; 

3S 

a. e 

re 0 

=) 

a 

— 

= ; ~= * NORMALIZED TO 50 OHMS 

[a 
f (MHz) Zin (Ohm) Zout (Ohm) 
_ 850 9 27 

: = 880 3.9 + j105 | 
0 80 100 150200250300 ee 36 4 iN 


Pin, INPUT POWER (WATTS) 940 3.5 + j13 
Figure 1. Output Power versus Input Power . Figure 2. Series Equivalent 
; Input/Output impedances _ 


+9.6 V (Vec) . 
Ri = C7 = C8 fos CO C1, C5, C7, C12 — Capacitor Chip 330 pF CGO SMT 
a aE a - C2, C3, C10, C11 — 0.5—-5 pF GKU Trimmer Capacitor 
A “a C4 — Capacitor Chip 3.9 pF ; 
C6 C6, C8 — Capacitor Chip 15 nF ; 
4 mo C9 — Electrolytic Capacitor 10 MF 16 V 
we. Di ait aL R1 — Resistor // 2 x 270 Ohms 1/2 W 
giee'C5 RE D1 — 0.57 For Class B Operation 
went Z L3  e1  l1—15mm Zp = 500hm 
RF CA OUTPUT L2,L5 — 7mm Zo = 25 Ohm 
ne ce —L +1 ) 420mm Zo = 60 Ohm 
C1 7 _' {6 — 28mm Z, = 50 Ohm 
TUT 0 Cit a _ Board Material: .020 In., e, = 2.55, Teflon Glass 
C2 C3 ne 
a ° Note: Amplifier tunable from 820 to 960 MHz. 
2 fe t ~~ SR © Instantaneous Bandwidth — 40 MHz, Typ. 


Figure 3. Broadband Amplifier Circuit 


~ 900 MHz 
TP301/S 


900 MHz 
~TP301/S © 


| OUTPUT 
Note: The Printed Circuit Board shown is 75% of the original. 


Board Material: .020 In. Glass Teflon er = 2.55 


Figure 4. Printed Circuit Board Layout fo Figure 5. Component Layout. 


MOTOROLA RF DEVICE DATA. 


2-1160 


MOTOROLA 
m= SEMICONDUCTOR & 
TECHNICAL DATA | 


The RF Line | oa 
UHF Power Transistors 


. designed for 5 to 10 Volt large-signal amplifier applications in industrial and com- 
mercial FM equipment operating in the 820 to 960 MHz frequency band. The TP301S is. 
ideally suited for portable radio applications where low voltage and high packaging den- 
sity are required. 


@ 900 MHz 

© 2W — Pout 

e96V—Vcc 

e High Gain — 7.5 dB Min @ 900 MHz 


MAXIMUM RATINGS | 


Storage Temperature Range 


THERMAL CHARAGT ENSUES. 


Thermal Resistance, Junction to Case. 


ELECTRICAL CHARACTERISTICS (Tc = = 25°C unless otherwise noted) 
. Characteristic _ 
OFF CHARACTERISTICS . 


TP302 
TP3O2S 


 2W— 900 MHz 
_UHF POWER 
TRANSISTORS 


.200 SOE 
CASE 305B-01, STYLE 1 
TP302 


|... .200 SOE S 
CASE 305¢-01, STYLE 1 
_TP3028__ 


Collector-Emitter Breakdown Voltage {lc = 10 mA, ia = 0) oo ; “VipAicEO a . 


Collector-Base Breakdown Voltage (Ic 4 mA, IE = 0) ae iy 24 
Emitter-Base Breakdown Voltage (le = 1 mA, Ic = 0). = : % 
Collector Cutoff Current (VcE = 9 V, IB =0) | Bee es hs CRO 

ON CHARACTERISTICS | | | 

| DC Current Gain (Il¢ = 100 mA, VGE= = 5V) 

DYNAMIC CHARACTERISTICS : 
~ Output Capacitance (VcB = 10 v, ie = = 0, f= 1 M2) 

FUNCTIONAL TESTS | 


Common- Emitter Arplifir Power Gain 


i collector Efficiency Vee = 9.6 V, “Pout = = 2 W, f= 900 MHz) 
Load Mismatch | ae , | 


Load VSWR = =°00:1, All Phase Angles! 


MOTOROLA RF DEVICE DATA 


2-1161 


No Degradation in. 


Output Power 


TP302, TP302S 


TYPICAL CHARACTERISTICS 0 


5 |... f = 940 MAD 


weamdecom, 


oar 
an 


Zout = Zioad* 10 
277 0, 


we 


te 
ve, 
* 


one 


Sf : Bo Bete ee a on Ee IN A ogee I I a 
VcE SO ep ae Ne | 
=, deve ebe es fhrrn ties g pyyrtecestocee , 50 
e a ee ae ees on 
<= ee le ks aa ee ——_ ‘ ee ese oS a oe: 
= Poona eee es ee 
cc 3 fe ccc cee tee netfee deragcces COREG OIE Se Oe ey age af, a aes 
oc os ae ee bit 
= sport nu babaee iy? 
2 vee lecrcvficrlernffecgcecrrpesg, eas cower decocu py, orpererre Y nue yes tie ‘ya 
ool ¢ e oo. ; ds : 
z 2 jecceders ; - oe ae eikad was 100 
=| : ; 
Oe tet 7 Oger Det ie arate es peaks 
= fe Pout = 2W 
ae nl Wee oe ep ee ee ioaueeaias Cuda, een herent _ Vee = 9.6V 
| ae a oe ee NORMALIZED TO 50 OHMS 
0 0.25 05 075 1 1.25 
Pin, INPUT POWER (WATTS) 113 — j118 
. 17.1 — j11.5 
Figure 1. Output Power versus Input Power 16.6 — j10.3 
Figure 2. Series Equivalent Input/Output Impedances 
+9.6 V (Vec) 
< a au C1, C5, C7, C12 — Capacitor Chip 330 pF CGO SMT 
A C2, C3, C10, C11 — 0.5-5 pF GKU Trimmer Capacitor 
» C6 C4 — Capacitor Chip 3.9 pF . 
= I G C6, C8 — Capacitor Chip 15 nF 
” D1 A—|| |SZ a io C9 — Electrolytic Capacitor 10 MF 16 V 
. C7 R1 — Resistor // 2 x 270 Ohms 1/2 W 
ae 9 C5 RF D1 — 0.57 For Class B Operation 
; | 13 C12 ouTPUT L1— 15mm Zp = 50 Ohm 
RF = 
. Coe L2,L5— 7 mm Zo = 25 Ohm 
INPUT = cy : L3 — 27 mm Zo = 75 Ohm 
is , L4— 10 mm Zo = 50 Ohm 
i clo aby 4 [6 — 13 mm Z, = 50 Ohm | 
2 TUT - Board Material: .020 In., e, =. 2.55, Teflon Glass 
C2 Se «(C3 , 
& , Note: Amplifier: tunable from 820 to 960 MHz. 
‘4 7 , “ Instantaneous Bandwidth — 40 MHz, Typ. 


Figure 3. Broadband Amplifier Circuit 


900 MHz 
TP302/S 


900 MHz 
TP302/S 


eee INPUT 


OUTPUT 


Board Material: .020 In. Glass Teflon e, = 2.55 
Figure 4. Printed Circuit Board Layout (Not to Scale) 


Figure 5. Component Layout 


MOTOROLA RF DEVICE DATA 


2-1162 


MOTOROLA 7 
TECHNICAL DATA 


| TP303 
The RF Line oe a 


UHF Power Transistors 


. designed for 5 to 10 Volt UHF large-signal amplifier applications in industrial.and 3 W — 900 MHz 
commercial FM equipment operating in the 820 to 960 MHz frequency band. The TP303S . UHF POWER 
is ideally suited for portable radio applications where low voltage and high packaging - TRANSISTORS 
density are required. 


@ 900 MHz 
© 3W — Pout 
®©96V—Vcc 
® High Gain — 7 dB Min @ 900 MHz 


MAXIMUM RATINGS ; 
.200 SOE 


Rating © CASE 305B-01, STYLE 1 


.200 SOE S 
. CASE 305C-01, STYLE 1 
TP303S 


(haste —SS—*Y Symbol | in typ Man 
OFF CHARACTERISTICS 

Colestremiter sreakdown Votage ig =20mAig= 0) | Wanceo | 19 | — [=| vee 
"ColestorBase Breakdown Votage lc = @mAle= 0) | Weniego |_| — | — | vee 
-Emiuer ese Breokdown Volage le = 2mAic=0) | Wanes0 | > 
[colesor cuorcurentvoe=avie=O eco | 


ICEO 
ON CHARACTERISTICS 


DC Current Gain (ic = 200 mA, VcgE = 5 V) | . FE se, ee ed 


DYNAMIC CHARACTERISTICS 


Output Capacitance (Vcg = 10 V, IE = 0,f = 1 MHz) 
FUNCTIONAL TESTS | 


Common-Emitter ne Gain 
GolcorEieney Wee = 86 V, Pout = 8W.1 = 800 Nia Pppecgceaserces 


Load Mismatch 
(VcE = 12.5 V, Poyt = 3 W, f = 900 Mz, 
Load VSWR = o:1, All Phase Angles) 


No Degradation in 
Output Power 


MOTOROLA RF DEVICE DATA 


2-1163 


TP303, TP303S 


TYPICAL CHARACTERISTICS 


ed ee 
meee, 


: 


Zin” 900 “=... Y% 


pa-7+960 MHz oe 


Pe ae 
wae, 


ads 
“7 - 


ennaana 


S shetatatiotiad 
Setoehemietiete baieetntatey 
a ge ee 


enneaqeseces 

wane netees 
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ee ie tatatal 


Se 
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Se 


Pe oe 


qu eeeee 
oe a 


é 
‘ 
‘ 
e 
3 
‘ 


Sunnanabenaga. 
Na inn “Gate Semeteteteiel 


Nchetectecttin lntheteReteteh Retetenemened 
oS 


wWe~~e 


Pout, OUTPUT POWER (WATTS) 


5 SY 
ae 


we weet hee eee 


8.8 — j6.75 
0.4 0.8 1 ae 
0 0.2 06 8 65 — id 


P..,, INPUT POWER (WATTS) 


Figure 1. Output Power versus Input Power Figure 2. Series Equivalent 
Input/Output impedances 


a5 OUTPUT 
INPUT | - C7 50.0 
502 kar OC | 
C 
, C2 
VBB 


ok des “TDF 
aE aE , ; , NO QUIESCENT CURRENT 
7) if A 


C1, C7, C8, C11 — 330 pF ATC or similar chip L1 — 500 Line L = 6.9% Ag @ 900 MHz © 
C2, C3, C5, C6 — 0.5-5 pF GKU Trimmer Capacitor L2 — 500 Line L = 5.2% Ag @ 900 MHz 
C4 — 2x47 pF ATC 100 A Chip Capacitor L3 — 270 Line L = 4.4% Ag @ 900 MHz 
C12, C9 — 15 nF Chip Capacitor 0805 L4— 270 Line L =.4.0% Ag @W 900 MHz 
C10 — 2.2 uF 15 V Chip Tantale Capacitor L5— 502 Line L = 5.2% Ag @ 900 MHz 
B — Ferrite Bead L6 — 50 Line L = 7.8% Ag @ 900 MHz 
R1 — 2.2 0 1/4 W Resistor L7 — 75 Q Line L = 8.0% Ag @ 900 MHz 
Board Material: Teflon Glass 1/32 inch e, = 2.55 Cu 35 um L8— 750 Line L = 9.7% Ag @ 900 MHz 


Note: Amplifier tunable from 820 to 960 MHz. 
Instantaneous Bandwidth — 40 MHz, Typ. 


Figure 3. Broadband Amplifier Circuit 


MOTOROLA RF DEVICE DATA 


2-1164 


TP303, TP303S 


~ 900 MHz 
~~ TP303/S° 


Note: The Printed Circuit Board shown is 75% of the original. 


Board Material: .020 In. Glass Teflon ep = 2.55, 


__ Figure 4. Printed Circuit Board Layout | 


900 MHz 


Liter dt OUTPUT 


Figure 5. Component Layout | 


MOTOROLA.RF DEVICE DATA 


2-1165 


pees 


MOTOROLA 


= SEMICONDUCTOR 
TECHNICAL DATA 


ee ee ee 
The RF Line oe ae a TP304S 
UHF Power Transistors 


... designed for 5 to 10 Volt UHF large-signal amplifier applications in industrial and “6 | 5 W — 900 MHz 
commercial FM equipment operating in the 820 to 960 MHz frequency band. The TP304S UHF POWER 
is ideally suited for portable radio applications where low voltage and high packaging TRANSISTORS 


density are required. 


@ 900 MHz 

e5WwW— Pout 

®96V—Vcc 
@ High Gain — 6 dB Min @ 900 MHz 


MAXIMUM RATINGS 


~Symet_[_ elo Un 220 sot 
u | Unit | CASE 244C-01, STYLE 1 
TP304 
Vac 
ae 
ase 
as 
=so10 +205] 
THERMAL CHARACTERISTICS | = 
. .280 SOE S 
[__Gharacteioio——~—SS*~dSCvber |e [Uae] case tononerve 
Thermal Resistance, Junction to Case Wn Redes Wl °C/W TP304S 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 


Characteristic 


OFF CHARACTERISTICS an 7 oe % 
Collector-Emitter Breakdown Voltage (Ic = 20 mA, Ip = 0) 


ON CHARACTERISTICS 


DC Curent Gain c= 200 WA, Woe = BV Loe [| — [w= 


DYNAMIC CHARACTERISTICS 
[ Output Capacitance Wop = TOViig=Of=tMi «dt | | | | oF 
FUNCTIONAL TESTS 
Common-Emitter Amplifier Power Gain 
(VcE = 9.6 V, Pour = 5 W, f = 900 MHz) 


Load Mismatch 
(VCE = 12.5 V, Pout = 5 W, f = 900 Mhz, 
Load VSWR = o:1, All Phase Angles) 


No Degradation in 
Output Power 


MOTOROLA RF DEVICE DATA 


2-1166 


TP304, TP304S 


TYPICAL CHARACTERISTICS 
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Pout, OUTPUT POWER (WATTS) 


i SRT SSS weyweveve 
whenene 


Se 


eee tea tet tated 


P:,, INPUT POWER (WATTS) 


Figure 1. Output Power versus input Power Figure 2. Series Equivalent 
| Input/Output Impedances 


OUTPUT — 


V8 <<» —+-WWM-€]) 


| , cm coms Scio 
we ot Ob bd 
a L an 2 7 YE NO QUIESCENT CURRENT 
4 OLLS 


C1, C7, C8, C11 — 330 pF ATC or similar chip L1— 50 9 Line L = 6.9% Ag @ 900 MHz 


C2, C3, C5, C6 — 0.5-5 pF GKU Trimmer Capacitor L2 — 50 © Line L = 5.2% Ag @ 900 MHz. 
C4 — 2 x 4.7 pF ATC 100 A Chip Capacitor 13 — 27 © Line L = 4.4% Ag @ 900 MHz 
C12, C9 — 15 nF Chip Capacitor 0805 L4— 27 © Line L = 4.0% Ag @ 900 MHz 
C10 — 2.2 wF 15 V Chip Tantale Capacitor a L5— 5009 Line L = 5.2% Ag @ 900 MHz 
B — Ferrite Bead ' .L6— 502 Line L = 7.8% Ag @ 900 MHz 
R1— 2.2 O 1/4 W Resistor L7 — 75 © Line L = 8.0% Ag @ 900 MHz 
Board Material: Teflon Glass 1/32 inch e, = 2.55 Cu 35 um L8— 75 Line L = 9.7% Ag @ 900 MHz 


Note: Amplifier tunable from 820 to 960 MHz. 
Instantaneous Bandwidth — 40 MHz, Typ. 


Figure 3. Broadband Amplifier Circuit 


MOTOROLA RF DEVICE DATA 
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MOTOROLA 


SEMICONDUCTOR EE 
TECHNICAL DATA 


Advance Information TP2007A 


The RF Line 
HF Power Transistor 


4 W — 470 MHz 
UHF POWER 
TRANSISTOR 


ORS 


.280 SOE S 
CASE 249A-01, STYLE 1 


... designed for 5 to 10 Volt UHF large-signal amplifier applications in industrial and 
commercial FM equipment. 

@ 470 MHz 

© 4W — Pout 

@®75V—Vcc 

@ Rugged 


MAXIMUM RATINGS 


Operating Junction Temperature 200 


| 
ste —65 to +200 


Total Device Dissipation @ Tc = 25°C Watts 
Derate above 25°C 0.25 W/°C 
: | 


Storage Temperature Range 


THERMAL CHARACTERISTICS 
| ) _ | Characteristic 
Thermal Resistance, Junction to Case | 
ELECTRICAL CHARACTERISTICS _ 


- Characteristic 


OFF CHARACTERISTICS _ | . 7) an - 
Collector-Emitter Breakdown Voltage (Ic = 50 mA, Ig = 0) . | verceo | 16 | — | — |. vde | 
Collector-Emitter Breakdown Voltage (Ic = 20 mA, VBE = 0) de 
Emitter-Base Breakdown Voltage (l_ = 5 mA, I¢ = 0) 
Collector Cutoff Current. eu = 15 V, le = 0) - 
ONCHARACTERISTICS = sits | 
DC Current Gain (I¢ = 500 mA, Veg = 5 V) 
DYNAMIC CHARACTERISTICS 


Output Capacitance (V¢g = 10 V, Ip = 0, f = 1 MHz) 


(continued) 
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MOTOROLA RF DEVICE DATA 
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TP2007A 


ELECTRICAL CHARACTERISTICS — continued | 
' FUNCTIONAL TESTS 


Common-Emitter Amplifier Power Gain 

(VcE = 7.5 V; Pout = 4 W, f = 470 MHz) 
Collector Efficiency (Vce = 7.5 V, Pout = 4 W, f = 470 MHz) 
Load Mismatch : 7 geen omens, 
(Vce = 10V,Poyp =4W,f=470MHz, = ss eitecns' ts | 7 ee Coe eas 
Load VSWR = oo:1, All Phase Angles) : | | CREE onan 
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MOTOROLA 


m= SEMICONDUCTOR 
TECHNICAL DATA 


- TP2031 
Advance Information ee 
The RF Line 


VHF Power Transistor 


-4W — 225 MHz 
VHF POWER 
TRANSISTOR 


The TP2031 has been specifically designed and characterized for 12.5 V operation in 
225 MHz amplifiers. . . | 
Its grounded emitter configuration gives excellent thermal dissipation and provides a 
good RF screen. : | 
This device features high gain and an infinite VSWR rating at all phase angles and at 


rated output power. | 
@ 225 MHz . 
© 4W — Pout 
© 12.5 V— Vcc. 
@ Rugged 
TO-39GE 


CASE 79-04, STYLE 5 


MAXIMUM RATINGS 


Collector Current — Continuous 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


THERMAL CHARACTERISTICS 


ELECTRICAL CHARACTERISTICS 


CCharacernic ——SSSSSSS*d;CSS bot | Min | To | Mex Une 
OFF CHARACTERISTICS ; 

Collector Cutoff Current (Vcg = 15 V, IE = 0) | tcpo | 
ON CHARACTERISTICS . 


DYNAMIC CHARACTERISTICS 


(continued) 
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TP2031 


ELECTRICAL CHARACTERISTICS — continued 


Characteristic | 


FUNCTIONAL TESTS 
Common-Emitter Amplifier Power Gain 
(Vege = 12.5 V, Pout = 3.5 W, f = 225 MHz) 
Collector Efficiency (VcE = 12.5 V, Pout = 3.5 W, f = 225 MHz) 
Load Mismatch — | Big ee ae | 
(VcE = 12.5 V, Pout = 3.5 W, f = 225 MHz, 
Load VSWR = ©o:1, All Phase Angles) 


| No Degradation ine 
_ Output Power 
Input Impedance, Common:Emitter (Typ) - Sein 
(VCE = 12.5 V, Pout = 3.5W,f = 225MHz) 
~ Load Impedance, Common Emitter (Typ) : ee ee Or ee ee 


a 4.2°~ j3 Ohms 


| MOTOROLA RF DEVICE DATA | 


241171 


MOTOROLA 


a SEMICONDUCTOR 
TECHNICAL DATA 


TP2032 


Advance Information TP2032F 


The RF Line | 
UHF Power Transistors | 


The TP2032/F has been specially designed and characterized for 12.5 V operation in 10 W — 225 MHz 


225 MHz amplifiers. | | UHF POWER 
It can be operated under Class B or C and is able to withstand infinite VSWR at all TRANSISTORS 

phase angles at rated output power. . 

@ 225 MHz 


® 10 W = Pout 
@ 12.5V—Vcc 
@ Rugged ~ 


MAXIMUM RATINGS 


Collector-Emitter Voltage VCEO 


.380 SOE 
CASE 145D-01, STYLE 1 
TP2032 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C . 


Operating Junction Temperature 
Storage Temperature Range 


THERMAL CHARACTERISTICS 


.380 SOE F 


; ° TP2032F 
Therma! Resistance, Junction to Case Rec 3.5 C/W 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 


PCRharacetn «(Sabah | n | Typ Mow [Une 


OFF CHARACTERISTICS . 


[ColetorEmiter Breakdown Votege le =S0mAig= 0 | Weniceo | 16 | — | — | vee 
Collector-Base Breakdown Voltage (Ic = 20 mA, IE = 0) | weryceo | 36 | C—O] 
Emitter-Base Breakdown Voltage (Iz = 5 mA, Ic = 0) | Verepo | 4 | — | — |. Vde | 
Collector Cutoff Current (Veg = 18V, Ig = 0) ae i eee ee ee 


ON CHARACTERISTICS | 


[Dc Curent Gain i = S00 mA Voe=svi—SCSC*~“*‘“*dSCS:SC«dSCOsSYSO dC dC 


‘DYNAMIC CHARACTERISTICS. 


FUNCTIONAL TESTS 
Collector Efficiency Nc 55 % 
(VCE = 12.5 V, Pout = 10 W, f = 225 MHz) 


(VCE = 12.5 V, Pout = 10 W, f = 225 MHz) 
Load Mismatch oy 


(VcE = 12.5 V, Pout = 10 W, f = 225 MHz, | eee in 
Load VSWR = o:1, All Phase Angles) : utput rower 


Input Impedance, Common Emitter (Typ) See? . . 
(VCE = 12.5 V, Pout = 10 W, f = 225 MHz) Zin = 1.6 + j0.1 Ohms | 
Load impedance, Common Emitter (Typ) . = : 
(VcE = 12.5 V, Pout = 10 W, f = 225 MHz) Aload Flee Ohms 
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aa SEMICOND 


MOTOROLA 
TECHNICAL DATA 


Advance Information FTP2033° 
The RF Line 


VHF Power Transistor ea ee 
30 W — 225 MHz 
VHE POWER 


The TP2033 h ifically desi i>.5 operation int: HF PC 
e 33 has been specifically designed and characterized for 12.5 V operation in TRANSISTOR 


225 MHz high power amplifiers. 

Its. construction which incorporates gold metallization and diffused ballast resistors 
enables the part to withstand infinite VSWR at all phase angles at rated output power. It ~ 
can be operated under Class A, B or C. 


e 30W 
@ High Gain 
10 dB Min @ 175 MHz 
9 dB Min @ 225 MHz 
® 12.5V—Vcc 
® Gold Metallization for Reliability 


.380 SOE 
CASE 145D-01, STYLE 1 


MAXIMUM RATINGS 


_ Total Device Dissipation @ T¢ = 25°C 


Derate above 25°C - 48 : 


Collector Current — Continuous ae 


Operating Junction rempeey re 


ELECTRICAL CHARACTERISTICS 


Symbol a 


OFF CHARACTERISTICS 


ON CHARACTERISTICS 


[oc cre cane =VAVGESSW De 


DYNAMIC CHARACTERISTICS 


(continued) 
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TP2033 


ELECTRICAL CHARACTERISTICS — continued 


Tye [Mex [Unie 


FUNCTIONAL TESTS 


Common-Emitter Amplifier Power Gain 
(VcE = 12.5 V, Pout = 30 W, f = 225 MHz) 


Common-Emitter Amplifier Power Gain 
(VcE = 12.5 V, Pout = 30 W, f = 175 MHz) 


Collector Efficiency (VcE = 12.5 V, Pout = 30 W, f = 225 MHz) 


Load Mismatch 
(VcE = 12.5 V, Pout = 30 W, f = 225 MHz, 
Load VSWR = oo:1, All Phase Angles) 


Input Impedance, Common Emitter (Typ) ty ac : 
(VCE = 12.5 V, Pout = 30 W, f = 225 MHz) Zip: eee JO OsOUMs 
Load Impedance, Common Emitter (Typ) = F 
(VCE = 12.5 V, Poyt = 30 W, f = 225 MHz) Zlgad = 4237 1018: Ohms | 3 


No Degradation in 
Output Power 


- MOTOROLA RF DEVICE DATA 


2-1174 


_ MOTOROLA 
m= SEMICONDUCTOR @ 
TECHNICAL DATA — 


Advance Information — | | TP2034 


The RF Line 7 ss | "7 P2034F 
UHF Power Transistors 


The TP2034/F has been specially designed and characterized for 12. 5 V operation i ole 3 ot oe 
225 MHz high power amplifiers. 40 W — 225 MHz 


Its construction which incorporates gold metallization and diffused ballast resistors |. UHF POWER. 
enables the part to withstand infinite VSWR at all piece re at t rated one power. It _ TRANSISTORS 


can be operated under Class A, B or C. 
® 225 MHz © Ba’ 
© 12.5V—Vcc - 

@ Gold Metallization for Reliability 


MAXIMUM RATINGS 


.380 SOE 
CASE 145D-01, STYLE 1 
TP2034 


Collector Current — Continuous 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


oes Junction Temperature 


380 SOEF 
CASE 211-07, STYLE 1 
TP2034F 


. | Characteristic Symbol | Max | Unit | | 
‘Thermal Resistance, Junction to Case two [22 ew 


OFF CHARACTERISTICS | 


-Collector-Emitter Breakdown Voltage (Ic = 50 mA, Ip = 0) V(BR)CEO a eo ee | 
Collector-Base Breakdown Voltage (Ic = 50 mA, IE = 0) V(BR)CBO ee we ee 


Emitter-Base Breakdown Voltage (IE = 5 mA, Ic = 0) ViBR)EBO 4 
15 V, Ie = 0) ICBO 


Vo 


Collector Cutoff Current (VcB = 
ON CHARACTERISTICS 


FUNCTIONAL TESTS 


Common-Emitter Amplifier Power Gain 
(VcE = 12.5 V, Poyt = 35 W, f = 225 MHz) 


ae epee 


Load Mismatch . : ees 
(VcE = 12.5 V, Poyt = 40 W, f = 225 Mkz, = ts ae in 
Load VSWR = 0:1, All Phase Angles) uA . utput Power. 


Input Impedance, Common Emitter (Typ) ae ; 

(VcE = 12.5 V, Pout = 40 W, f = 225 MHz) Zins: eee Ee O hms 
Load Impedance, Common Emitter (Typ) - . 

(VcE = 12.5 V, Pout = 40 W, f = 225 MHz) a 
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= 35 W, f = 225 MHz) 
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MOTOROLA | | re 
m= SEMICONDUCI: yyy 
TECHNICAL DATA mo ae 


Advance Information TP2037 


The RF Line 
VHFE Power Transistor 


The TP2037 has been specifically designed and characterized for 12.5 V operation in 
225 MHz high power amplifiers. : 

Its construction which incorporates gold metallization and diffused ballast resistors 
enables the part to withstand infinite VSWR at all phase angles at rated output power. It 
can be operated under Class A, B or C. 


@ 225 MHz . 

® 35 W coed Pout : 
e125V—Vcc 

e Gold Metallization for Reliability 


35 W— 225 MHz 
VHF POWER 
TRANSISTOR 


AS 


.380 SOE 
CASE 145D-01, STYLE 1 


MAXIMUM RATINGS 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C | 


Operating Junction Temperature 


Storage Temperature Range 
THERMAL CHARACTERISTICS 


Thermal Resistance, Junction to Case R@Jc | 


ELECTRICAL CHARACTERISTICS 


OFF CHARACTERISTICS 


ON CHARACTERISTICS 


DYNAMIC CHARACTERISTICS 


(continued) 
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TP2037 


ELECTRICAL CHARACTERISTICS — continued 


Characteristic 


FUNCTIONAL TESTS 


Common-Emitter Amplifier Power Gain bee. 
(VcE = 12.5 V, Pout = 35 W,f = 225 MHz) © a. 


Load Mismatch | _No Degradation in 
(VE = 12.5 V, Pout = 40W, f= 225MHz, = 7 | eae are 
Load VSWR = 0:1, All Phase Angles) 7 | oe : : 


Input Impedance, Common Emitter (Typ) 


(VcE = 12.5 V, Pout = 40 W, f = 225 MHz) — Aig Ve dO nS 


Load Impedance, Common Emitter (Typ) _ . _ oa 
~ (VCE = 12.5 V, Poyt = 40 W, f = 225 MHz) | Aged. 2 I0NS Ohms: 


MOTOROLA RF DEVICE DATA 
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MOTOROLA 
= SEMICONDUCTOR = 
TECHNICAL DATA 


TP2180 
The RF Line 
VHE Power Transistor 


Designed for use in 12.5 V VHF amplifiers operating under Class A, B or C conditions. 80 W — 88 MHz 

Its construction which incorporates gold metallization and diffused ballast resistors for- VHF POWER TRANSISTOR 
longer life, enables the part to be used at its maximum ratings and be able to withstand NPN SILICON — 
an infinite VSWR at all phase angles. 


88 MHz 

80 W — Pout 

12.5 V—Vec 

Gold Metallization for Reliability 

Load Mismatch Capability at Rated Output Power 


.500 J ZERO 
CASE 316A-01, STYLE 1 


MAXIMUM RATINGS 


Collector Current — Continuous 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


Operating Junction Temperature 


THERMAL CHARACTERISTICS 


Thermal Resistance, Junction to Case Re@Jc ae aes °C/W 


ELECTRICAL CHARACTERISTICS 


Symbol | Min | Typ _| unre 


OFF CHARACTERISTICS 


ON CHARACTERISTICS 


DC Current Gain (I = 1A, Vc = 5 VI ee ee 


DYNAMIC CHARACTERISTICS 


(continued) 
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TP2180 


. ELECTRICAL CHARACTERISTICS — continued | 
a 
FUNCTIONAL TESTS 


Common-Emitter Amplifier Power Gain 
(VcE = 12.5 V, Poyt = 80 W, f = 88 MHz) 


Collector Efficiency (Vce = 12.5 V, Poyt = 80 W, f = 88 MHz) 


Load Mismatch . 
(VCE = 12.5 V, Pout = 80 W, f = 88 MHz, 
Load VSWR = oo:1, All Phase Angles) 


No Degradation in 
Output Power 


Zin = 0.3 — j0.4 Ohms 
ZLoad = 0.6 — j0.440hms | | 


TYPICAL CHARACTERISTICS 


Input Impedance, Common Emitter (Typ) 
(VcE = 12.5 V, Pin = 16 W, f = 88 MHz) 


Load Impedance, Common Emitter (Typ) _ 
(VcE = 12.5 V, Poyt = 80 W, f = 88 MHz) 


Sees 
LAT TT 
hae 
bie lll 
See 


re Oe ee a ie. i a 


Pout, OUTPUT POWER (WATTS) 


120 


Cob, COLLECTOR-BASE CAPACITANCE (pF) 
ae 
So 


80 
0 5 10 15 20 
Pin, INPUT POWER (WATTS) Veb, COLLECTOR-BASE VOLTAGE (VOLTS) 
Figure 1. Output Power versus Input Power Figure 2. Collector-Base Capacitance versus Voltage 


—= 
ai 


Gpg, POWER GAIN (dB) 
Pp, POWER DISSIPATION (WATTS) 
3 


f, FREQUENCY (MHz) Tc, CASE TEMPERATURE (°C) 


Figure 3. Power Gain versus Frequency Figure 4. Power Dissipation Rating versus Temperature 
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TP2180 


500 


C1, C4 — 24-200 pF trimmer capacitor ARCO 425 
C2, C3 — 55-300 pF trimmer capacitor ARCO 427 
C5 — 7-100 pF trimmer capacitor ARCO 423 

C6 — 1000 pF mica capacitor UNELCO 

C7 — 10 nF ceramic disc 

C8 — 0.1 uF ceramic disc 

C9 — 470 wF/40 V 


L1— 3 turns, 12/10 mm silvered wire, 5 mm |.D. 
L2 — 0.68 wH molded coil 

L3 — 5 turns, 12/10 mm silvered wire, 12 mm |.D. 
L4— 1 turn, 12/10 mm silvered wire, 6 mm I.D. 


Figure 5. 88 MHz Test Circuit 
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MOTOROLA 


m= SEMICONDUCTOR @ 
TECHNICAL DATA 


 TP2300 
The RF Line | 


VHF Power Transistor 


The TP2300 is desloned for use in 12.5 V VHF ainplifiars operating under Class A, B or 4W — 175 MHz. 
C conditions. VHF POWER 
Its construction which incorporates gold metallization and diffused ballast resistors -- TRANSISTOR 
enables the part to be used at its maximum 1 ratings and be able to withstand an infinite : 

VSWR at all phase angles. 

@ 175 MHz 

© 4W — Pout 

®©12.5V—Vcc 

® Gold Metallization for Reliability 


380 SOE 
CASE 145D-01, STYLE 1 


MAXIMUM RATINGS 


ee ce 

Total Device Dissipation @ Tc = 25°C ee 
Derate above 25°C . 0.2 wre 

ee 

THERMAL CHARACTERISTICS | 

—— so 


OFF CHARACTERISTICS 


inn tanise tae et 
[cetera srtown vote ie = TOmate=@) | vianewo | 98 [ve 
Emitter-Base Breakdown Voltage (IE = 2 mA, Ic = 0) | Vierepo | 4 | — | — |. vdeo | 
Collector Cutoff Current (VCB = 15 V, IE = 0) ICBO 5 eee 


ON CHARACTERISTICS 


1 
a a | 
ap. 


FUNCTIONAL TESTS 


Common-Emitter Amplifier Power Gain 


(VCE = 12.5 V, Pout = 4 W, f = 175 MHz) Bt BS et Be Bod 


Collector Efficiency (VcgE = 12.5 V, Poyt = 4 W, f = 175 MHz) ee ee ee 
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TP2300 


TYPICAL CHARACTERISTICS 
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Figure 2. Output Series Impedance 


weceepeewedeercedpecees 
f = 175 MHz 


‘ 
P] 
‘ 
: 

“c 


— 


’ 
é 
é 
’ 


aasaak 
i 
i 
‘ 
‘ 
& 


versus Frequency 
eoreedencre See etase Peon as 

H 

' 
eeewederere 


weere 
swore 


Figure 1. Input Series Impedance 
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Figure 3. Output Power versus Input. Power - 


_ Figure 4. Collector Efficiency versus Output Power 
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TP2300 


TYPICAL CHARACTERISTICS 
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Veh, COLLECTOR-BASE VOLTAGE (VOLTS) 


Figure 5. Output Capacitance versus Voltage 


OUTPUT | 


+Vcc 


C3 


C1 


INPUT 


C4 


C8 


L1 — 0.15 nH molded coil 


C1 — ARCO 7-100 pF Trimmer Capacitor 
C2 — UNELCO 82 pF Trimmer Capacitor 


T1 — 2" 1/2, 22 AWG, Enameled Wire, Tri-Filar Wound 


L2 — 3 turns, 14 AWG, 1/4” LD. 
L3 — 3 turns, 14 AWG, 1/4” 1.D. . 
R1~—- 100 0, 1/2 W, Carbon Resistor 


C3 — ARCO 7-100 pF Trimmer Capacitor 
C4 — ARCO 7-100 pF Trimmer Capacitor 
C7 — 1 nF, 10 nF, 100 yF 
C8 — ARCO 4-40 pF Trimmer Capacitor 


C5, C6, 


PC Board: Double Sided PC Board 0.06” 


Figure 6. 175 MHz Test Circui 


MOTOROLA RF DEVICE DATA 


2-1183 


MOTOROLA 


a SEMICONDUCTOR & 
TECHNICAL DATA 


| - | , , TP2304 | 
The RF Line 7 | 7 | | 


VHF Power Transistor 


The TP2304 is designed for use in 12.5 V VHF amplifiers operating under Class A, B or 40 W — 175 MHz 
C conditions. 7 | VHF POWER 
Its construction which incorporates gold metallization and diffused ballast resistors for TRANSISTOR 


longer life, enables the part to be used at its maximum ratings and be able to withstand 


an infinite VSWR at all phase angles. 
.380 SOE 


@® 175 MHz 
CASE 145D-01, STYLE 1 
MAXIMUM RATINGS 


e 40 W se Pout 
®@ 12.5 V—Vcc 
@ Gold Metallization for Reliability 
Collector-Emitter Voltage VCEO 
Collector-Base Voltage VcBO Vde 
Emitter-Base Voltage . VEBO Vdc 
Total Device Dissipation @ Tc = 25°C . 
Derate above 25°C , | . 
Operating Junction Temperature = 200 
Storage Temperature Range . —65 to +200 


THERMAL CHARACTERISTICS 


Collector Current — Continuous 


Characteristic 


Thermal Resistance, Junction to Case - ~ Rojec | 


ELECTRICAL CHARACTERISTICS 


[Sharan ———SSS~*~dC* ||| Mex 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage (Ic = 50 mA, Ip = 0) | V(BR)CEO { 32 | ~ | =~ | vac | 
Collector-Base Breakdown Voltage (ic = 20mA, IE = 0) | V(BR)CBO Vises 1860-9) 


Emitter-Base Breakdown Voltage (IE = 5 mA, Ic = 0) . ViBR)EBO 
ICBO 


Collector Cutoff Current (V@p = 15V, Ip = 0) 
ON CHARACTERISTICS - . 


[Dc Curent Goin 1AVoe=ewSSCSC*~<“*~“~*éiditCiSC«dC | dC dd 


DYNAMIC CHARACTERISTICS | 3 . 


(continued) 


MOTOROLA RF DEVICE DATA 


2-1184 


TP2304 


ELECTRICAL CHARACTERISTICS — continued % oeyt 
eS 
FUNCTIONAL TESTS | | | : | | 


Common-Emitter Amplifier Power Gain 
(VcE = 12.5 V, Pout = 40 W, f = 175 MHz) 


Common-Emitter Amplifier Power Gain 
(VCE = 12.5 V,.Poyt = 40 W, f = 88 MHz) 


Collector Efficiency (Vcg = 12.5 V, Poyt = 40 W, f = 175 MHz) 


Load Mismatch 


No Degradation in 


(VcE = 12.5 V, Pout = 40 W, f = 175 MHz, Output Power — 


Load VSWR = oo:1, All Phase Angles) 


Input Impedance, Common Emitter (Typ) - 
(VcE = 12.5 V, Pin = 10 W, f= 175 MHz) 


Load Impedance, Common Emitter (Typ) 


(Voce = 12.5 V, Pout = 40 W, f = 175 MHZ) Zloadys 2 28 Fale ORNs 


NOTE: DIVIDE BY Ic2 TO 
OBTAIN METAL LIFETIME 


MTTF FACTOR (HRS. — A) 


Figure 1. MTTF Factor versus Junction Temperature 


MOTOROLA RF DEVICE DATA 


2-1185 


TP2304 


_ TYPICAL CHARACTERISTICS 


(SLLVM} H3MOd LNdLNO 7°%q 


Pin, INPUT POWER (WATTS) 


P:,, INPUT POWER (WATTS) 


Figure 2. Output Power versus Input Power 


Figure 3. Output Power versus Input Power 


f = 88 MHz 


f = 175 MHz 


(Sd) LNIYHND YOL93TION 91 


Vee, COLLECTOR-EMITTER VOLTAGE (VOLTS) 


Vob, COLLECTOR-BASE VOLTAGE (VOLTS) 


Figure 4. Safe Operating Area 


Figure 5. Collector Base Capacitance 


MOTOROLA RF. DEVICE DATA 


2-1186 


TP2304 


C1 — ARCO 403 trimmer capacitor L1— 3 turns 15/10 mm silvered wire 6 mm |.D. 

C2, C5 — ARCO 423 trimmer capacitor L2 — 0.47 wH molded coil 

C3 — 200 pF mica capacitor UNELCO L3 — 6 turns 10/10 mm enameled wire wound on R1 
C4 — 150 pF mica capacitor UNELCO 

C6 — ARCO 425 trimmer capacitor L4 — 1 turns 15/10 mm silvered wire 6 mm I.D. 

C7 — 1000 pF mica capacitor UNELCO 

C8 — 0.1 uF ceramic disc R1 — 380 ohms 2 W carbon composition 


C9 — 47 ywF/63 V electrolytic 


Figure 6. 175 MHz Test Circuit 


IN (@& 


50 


C1, C4 — ARCO 425 24-200 pF trimmer capacitor L1 — 5 turns #14 AWG 3/8” 1.D. ~ 

C2 — ARCO 423 7-100 pF trimmer capacitor L2 — 1 wH 

C3, C5 — ARCO 427 55-300 pF trimmer capacitor — L3 — 9 turns #16 AWG 5/16” |.D. 
' C6 — 1000 pF mica capacitor L4 — 4 turns #14 AWG 3/8” 1.D.. 

C7 — 10 nF ceramic 

C8 — 100 »F/35 V electrolytic R1 = 2.40, 


Figure 7. 88 MHz Test Circuit 


MOTOROLA RF DEVICE. DATA 


2-1187 


MOTOROLA 


a SEMICONDUCTOR @ 
TECHNICAL DATA 


Advance Information TP2306 


The RF Line 
VHE Power Transistor 


The TP2306 is designed for use in 12.5 V VHF applications and is ideally suited for use 
in the predriver or driver stage of a power amplifier where high gain is required. 


@ 175 MHz 

© 2 WwW — Pout ; 
@12.5V—Vcc : : 
®@ High Gain — 12 dB Typ @ 175 Mhz 


2 W — 175 MHz 
VHF POWER 
TRANSISTOR 


TO-39GE 
CASE 79-04, STYLE 1 


MAXIMUM RATINGS - ; 


Collector Current — Continuous 
Total Device Dissipation @ Tc = 25°C eo 
Derate above 25°C : 


THERMAL CHARACTERISTICS 


Thermal Resistance, Junction to Case ReJc 23.5 | 


ELECTRICAL CHARACTERISTICS 


“Symbol [Min Tye [ Mex [Unit 


OFF CHARACTERISTICS . 


F Callctor miter Breakdown Volagelig = mAle= 0 | Wanceo [16 | — | — | vee 
collector Bose Breakdown Votage ic = §mAle= 01 ———+| Wierycao | | — | | Vae 
Emitter Base Breakdown Voiege ie =TmAlc=0 | Weneso | _* |_| — | vee 
[callesor Gute Current Veg = 16Ve= 0 ———~*—stcwo | | | + ae 


ON CHARACTERISTICS 


on ee i ee ae 


DYNAMIC CHARACTERISTICS 


FUNCTIONAL TESTS 
dB 


Common-Emitter Amplifier Power Gain 
wy No Degradation in 
Output Power 


(VCE = 12.5 V, Pout = 2 W, f = 175 MHz) 
This document contains information on a new product. Specifications and information herein are subject to change without notice. 


Collector Efficiency (Vcg = 12.5 V, Pout = 2 W, f = 175 MHz) 


Load Mismatch (Vce = 12.5 V, Poyt = 2 W, f = 175 MHz, 
Load VSWR = 00:1, All Phase Angles) 


MOTOROLA RF DEVICE DATA 


2-1188 


MOTOROLA | 2 | a 
= SEMICONDUCTOR ox 
TECHNICAL DATA _ a 


TheRFLine 


VHF Power Transistor 


TP2307_— 


The TP2307 is designed for 6 V to 12 V VHF applications and is intended for ClassA,B | 2.75 W— 175 MHz. 


or C medium power amplifiers, frequency multipliers or oscillator circuits. | a VHF POWER. 
its grounded emitter construction gives excellent thermal dissipation and the ability of - TRANSISTOR 


providing further heatsinking where necessary the case also acts as a good FF screen. 
This device features high gain and an infinite VSWR rating at all phase angles at rated 
power output. 


175 MHz 


12.5 V—Vecc . . 
Rugged ; 
High Gain — 15.7 dB Typ @ 175 MHz | | 


TO-39GE 
CASE 79-04, STYLE 5 


MAXIMUM RATINGS 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 0.05 © 
Operating Junction Tempereture a |e 
Storage Temperature Range : —65 to +200 


THERMAL CHARACTERISTICS 
[Symbot [Moen 


[eharactenstio SSCS 
Thermal Resistance, Junction to Case ReJc 


ELECTRICAL CHARACTERISTICS 


ee 


OFF CHARACTERISTICS | 


ON CHARACTERISTICS 


[DC Curent Goin lc = a00mAVeE= Sv) SS~*~“*é‘idiCiS Cw 


DYNAMIC CHARACTERISTICS 


Outpt Capacitance og = 20 Vi 1g = 0,7 = 1 a Os a 


MOTOROLA RF DEVICE DATA 


2-1189 


_ TP2307 


ELECTRICAL CHARACTERISTICS — continued 


Characteristic 


Common-Emitter Amplifier Power Gain 
(VcE = 12.5 V, Pout = 2.75 W, f = 175 MHz) 


Load Mismatch 
(VcE = 12.5 V, Pout = 2.75 W, f = 175 MHz, 
Load VSWR = 00:1, All Phase Angles) 


No Degradation in 
Output Power 


TYPICAL CHARACTERISTICS | 
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Figure 1. Output Power versus Input Power 
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Figure 2. Output Capacitance 


MOTOROLA RF DEVICE DATA 


2-1190 


TP2307 


IN (@ 


50 0 


C1, C2, C3, C4 — ARCO 404 7-60 pF trimmer capacitor L1, L3 — 2.5 turns, silvered wire @ 1.5 mm, 10 mm 1D. 


C5 — 1000 pF mica capacitor 
C6 — 10 nF ceramic disc 

C7 — 0.1 uF ceramic disc 

C8 — 47 uF electrolytic 


L2 — 3 turns, silvered wire ¢ 1.5 mm,.10 mm |.D. 
R1 — 47 ohms, 1/2 W, carbon composition 


NOTE: Case must be grounded. 


C1, C2, C3, C4 — ARCO 404 7-60 pF trimmer capacitor L1, L3 — 2.5 turns, silvered wire @ 1.5 mm, 10 mm 1.D. 


C5 — 1000 pF mica capacitor 
C6 — 10 nF ceramic disc 

C7 — 0.1 uF ceramic disc 

C8 — 47 uF electrolytic 


L2 — 3 turns, silvered wire @ 1.5 mm, 10 mm I.D. 
L4 — 0.45 nH, molded coil 

R1— 47 ohms, 1/2 W © 

R2 — 220 ohms, 1/2:W 


NOTE: Case must be grounded. 


Figure 4. 88 MHz Test Circuit 


MOTOROLA RF DEVICE DATA 


2-1191 


MOTOROLA 
= SEMICONDUCTOR 
TECHNICAL DATA 


The RF Line 


7 TP2314 
VHF Power Transistor 


Designed for 6 V to 12 V VHF applications and is intended for Class A, B or C medium 
power amplifiers, frequency multipliers or oscillator circuits. 4 W — 175 MHz 

Grounded emitter constructions gives excellent thermal! dissipation and the ability of VHF POWER TRANSISTOR 
providing further heatsinking where necessary. NPN SILICON 

The case also acts as a good RF screen. Additional features are high gain and an infi- 
nite VSWR rating at all phase angles at rated power output. 


@ 175 MHz 

@ 4W — Pout , : 
@125V—Vcc 

@ Grounded Emitter Package for High Gain and Excellent Heat Dissipation — 

® Guaranteed Low Voltage Operation | 


TO 39-GE 
CASE 79-04, STYLE 5 


MAXIMUM RATINGS 


Emitter-Base Voltage 


Collector Current — Continuous 


Total Device Dissipation @ Tc = 25°C 
Derate above 25° 


C 
Operating Junction Temperature . 


Storage Temperature Range 


THERMAL CHARACTERISTICS 


Characteristic 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage (Ic = 50 mA, |p = 0) _ | V(BR)CEO — 
Collector-Base Breakdown Voltage (ic = 10 mA, te = 0) V(BR)CBO 


Emitter-Base Breakdown Voltage (Iz = 2 mA, I¢ = 0) V(BR)EBO 


Collector Cutoff Current (Vcgp = 15 V, IE = 0) — IcBo 
ON CHARACTERISTICS 


DYNAMIC CHARACTERISTICS 


(continued) 


MOTOROLA RF DEVICE DATA 


2-1192 


-TP2314 
ELECTRICAL CHARACTERISTICS — continued 


‘Characteristic 


FUNCTIONAL TESTS 
Common-Emitter Amplifier Power Gain 
Common-Emitter Amplifier Power Gain 
Common-Emitter Amplifier Power Gain 
(VcE = 12.5 V, Pout = 4 W, f = 88 MHz) 
Collector Efficiency (VcE = 12.5 V, Pout =.4 W, f = 175 MHz) 
Load Mismatch = ce. eS” « vied hae 
(Voce = 12.5 V, Pout = 4W, f = 175 MHz, | eae. *, Sahn poe 
Load VSWR = c:1, All Phase Angles) . : mle ace 


Input Impedance, Common Emitter (Typ) ee 
(VcE = 12.5 V, Pin = 250 mW, f = 88 MHz) nae Zin = 45 - j48 Ohms. 
| f = 175 MHz) ~ [| 0°. Zin = 4:33 — 73.69 Ohms 
Load Impedance, Common Emitter (Typ) 
(VcE = 12.5 V, Pout = 4 W., f = 88 MHz) . io tear | 18.74 + j6.44 Ohms 
| | f = 175 MHz) | | | - Zioad = 15.96 + j4.13 Ohms 


TYPICAL CHARACTERISTICS 


Pout, OUTPUT POWER (WATTS) 
Pout. OUTPUT POWER (WATTS) 


0 
2 4 6 8 10 12 14 16 
Pin. INPUT POWER (mW) Vcc, SUPPLY VOLTAGE (VOLTS) 


Figure 1. Output Power versus Input Power | Figure 2. Output Power versus Supply Voltage 


Payt- OUTPUT POWER (WATTS) 
Pout OUTPUT POWER (WATTS) 


0 6 = 100, 150 200, 2 4 6 8 0 12 4° 16 
Pin, INPUT POWER (mW) Veg, SUPPLY VOLTAGE (VOLTS) 


Figure 3. Output Power versus Input Power | Figure 4. Output Power versus Supply Voltage 


MOTOROLA RF DEVICE DATA 


2-11938 


TP2314 


Bt We WB 

 Vefy, COLLECTOR-TO-BASE VOLTAGE (VOLTS) 

- Figure 6. Output Capacitance versus — 
Collector-To-Base Voltage 


~ Cop: OUTPUT CAPACITANCE (pF) 


Gpe, POWER GAIN (dB) 


6) 80 100 120 140. 160. 180 200 
~ f, FREQUENCY (MHz) | . 
Figure 5. Power Gain versus Frequency 


hee, DC CURRENT GAIN” 


50 100 500 
lc, COLLECTOR CURRENT (mA) 


_. Figure 7. DC Current Gain versus Coliector Current | | 


C1, C2, C3, C4 — ARCO 404 7-60 pF trimmer capacitor ; C1, C2, C3, C4 — ARCO 404 7-60:pF trimmer capacitor — 
C5 — 1000 pF mica capacitor C5 — 1000 pF mica capacitor va: 
C6 — 10 nF ceramic disc : - _ C6 — 10 nF ceramic disc , 
C7 — 0.1. uF ceramic disc. a C7 — 0.1 wF ceramic disc . 
C8 — 47 uF electrolytic = C8 — 47 pF electrolytic 
: L1, L3 — 2.5 turns, silvered wire ¢ 1.5 mm, 10 mm I.D. 

L1, L3 — 2.5'turns, silvered wire g 1.5 mm, 10 mm I.D. L2 — 3 turns, silvered wire 6.1.5 mm, 10 mm 1.D. 

L2 — 3 turns, silvered wire 9 1.5 mm, 10 mm I.D. L4 — 0.47 uF, molded coil © 

; a ee ee ee ce ee ee _ _ R1— 47 ohms, 1/2 W 

R1— 47 ohms, 1/2 W, carbon composition © R2 — 220 ohms, 1/2 W 

NOTE: Case must be grounded. NOTE: Case must be grounded. 

Figure 8. 175 MHz Test Circuit Figure 9. 88 MHz Test Circuit 


MOTOROLA RF DEVICE DATA — 


2-1194 


MOTOROLA 
: SEMICONDUCTOR 2A ANRC 
TECHNICAL DATA 


TP2317 


The RF Line: 
VHF Power Transistor 

The 1P2317 is designed for use in 12. 5V VHF sup iiier operating under Class A, B or ae 20 w— 175 MHz. 
Cconditions. {| VHF POWER 


Its. construction, which incorporates gold emsilization and diffused ballast resistors, . TRANSISTOR | 
enables the part to be used at its maximum raungs and be able to withstand an infinite ee, 
VSWR at all phase angles. oa 


@ 175 MHz 

‘@ 20 WwW = Pout 

© 125V—Vcc | | 
® Gold Metallization. for Reliability 


.380 SOE 
CASE. 145D-01, STYLE 1 


MAXIMUM RATINGS 


Collector-Emitter: Voltage 
Collector-Base Voltage 
Emitter-Base Voltage 


Collector Current — Continuous 


Operating Junction Temperature 


Storage. Temperature Range 
THERMAL CHARACTERISTICS 


Characteristic 


Therma! Resistance, Tanetan to Case 


ELECTRICAL CHARACTERISTICS © 


OFF CHARACTERISTICS . 
Collector-Emitter Breakdown Voltage (I¢ = 50 mA, Ig = 0) V(BR)CEO 


[Gale Brchown Wheoeg-= 60 = 7 | Wemega | a 
Emitter-Base Breakdown Voltage (IE = 5 mA, Ic = 0) = 
Collector-Emitter Breakdown Voltage (Ic = 50 mA, Rpg = 10 0) 

Collector Cutoff Current (Vcg = 15V, le = 0) 

ON CHARACTERISTICS | | 
DC Current Gain (Ic = 1A, Vcg = 5 V) 

FUNCTIONAL TESTS 


Common-Emitter Amplifier Power Gain 
(VcE = 12.5 V,Pout = 20 W, f = 175 MHz) 


Collector Efficiency (VcgE = 12.5 V, Pout = 20 W, f = 175 MHz) 


Load Mismatch : | Moder ee 
(VCE = 12.5 V, Pout = 20 W, f = 175 MHz, ke | - . No Degradation in 


Load VSWR = o:1, All Phase Angles) | Output Power 


MOTOROLA RF DEVICE DATA 


~2-1195 


TP2317 


TYPICAL CHARACTERISTICS 
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MOTOROLA RF DEVICE DATA 


- 2-1196 


TP2317 


C1 


i 


C1 — ARCO 4-40 pF Trimmer Capacitor 

C2 — ARCO 4-40 pF Trimmer Capacitor 

C3 — UNELCO 200 pF 

C4 — UNELCO 120 pF 

C5 — ARCO 7-120 pF Trimmer Capacitor 

C6 — ARCO 24-200 pF Trimmer Capacitor 

C7 —1nF + 0.1 uF + 47 uF = 

L1 — 3 turns 16 AWG 0.16” I.D. 

L2 — 0.47 wH Molded Coil 

L3 — 1 turn 16 AWG 0.16” [.D. 

L4 — 6 turns 12 AWG On 380 Q 2 W Carbon 

Z1 — Base pad 0.06” single sided PC board 0.55” Lx0.28" W 

22 — Collector pad 0.06” single sided PC board 0.58” Lx0.28" W 
PC Board: Double Sided PC Board 0.06” 


Figure 7. 175 MHz Test Circuit 


_ MOTOROLA RF DEVICE DATA 


2-1197 


_ MOTOROLA 
ma SEMICONDUCTOR 
TECHNICAL DATA 


Advance Information — TP2325 
The RF Line | | | | 


i-F Power Transistor 


25 W — 175 MHz 


VHF POWER 


The TP2325 is designed for use in 12.5 V VHF amplifiers operating under Class A, B or TRANSISTOR 


C conditions. 

Its construction which incorporates goid metallization and diffused ballast resistors 
enables the part to be used at its maximum ratings and be able to withstand an infinite 
VSWR at all phase angles. 


@ 175 MHz 

@ 25 W — Pout 

® 12.5V—Vcc . 
® Gold Metallization for Reliability . 


.380 SOE 
CASE 145D-01, STYLE 1 


MAXIMUM RATINGS 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 


| Characteristic Symbol | Min | Typ | Max | Unit 


OFF CHARACTERISTICS 


eae oyea “leat 
ae er a on oe ee 

Collector Cutoff Current (Vcg = 18 V, Ie = 0) ee ee es eee ce 
oleae reedown Voge c= mA Rag = 19a | Vamers [38 [= 
ON CHARACTERISTICS 
Ce a I Oe a A al 
FUNCTIONAL TESTS 


Common-Emitter Amplifier Power Gain 6.2 
-(VcE = 12.5 V, Pout = 25 W, f = 175 MHz) 


This document contains information on a new product. Specifications and information herein are subject to change without notice. 


MOTOROLA RF DEVICE DATA 


2-1198 


MOTOROLA 


ma SEMICONDUCTOR ‘ERAS ALAN RNA ET 
TECHNICAL DATA 


oa wae | See Pe TP2330 © 
The RF Line | pel & BB ae) ‘TP2330F 
VHF Power Transistors : ee . 


The TP2330 device is 5 intended for use in VHF transmitter output stages where high te 80W — 175 MHz 
gain is desired. . ; VHF POWER 

Use of gold metallization and diffused emitter ballast resistors result in enhanced ~ TRANSISTORS 
reliability and ruggedness. 


@ 175 MHz 

@ 30 W — Pout 

@®125V—Vcc 

e High Gain — 10 dB @ 175 MHz 


MAXIMUM RATINGS 


.380 SOE 
‘CASE 145D-01, STYLE 1 
 TP2330 


‘Emitter-Base Voltage Wee 
Collector Current — Continuous 


Total Device Dissipation @ Tc = 25°C 
' Derate above 25°C 


THERMAL CHARACTERISTICS 
ow 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) - 


fT harctnie | “Sembot | ain [tM [Uk 
OFF CHARACTERISTICS , 

ColestorEmiterSreidown Votage c= 6)mAle= 0 | Veneco |_| — | — | vee 
FCotetorase Beatdown Votege c= 80 mA.le = 0) | Wenycso | 8 | — | =| vee 
miter Bese Breicown Votage z= SmA,I¢=0| | Wenyeso | * 
Lo a a 


ON CHARACTERISTICS 


DC Current Gain (Ic = 1A,VcE = 5V) | ' 


DYNAMIC CHARACTERISTICS 


380 SOE F 
CASE 211-07, STYLE 1 
TP2330F 


Output Capacitance (VcB = 15 V, IE = 0, f = 1 MHz) 


(continued) 


| -MOTOROLA RF DEVICE DATA 


2-1199 


TP2330, TP2330F 


ELECTRICAL CHARACTERISTICS — continued (Tc = 25°C unless otherwise noted) 
eZ ns ea  Se e e e 
FUNCTIONAL TESTS 


Common-Emitter Amplifier Power Gain TP2330 
(VcE = 12.5. V, Pout = 30 W, f = 175 MHz) TP2330F 


Collector Efficiency (Vce = 12.5 V, Pout = 30 W, f = 175 MHz) 


Load Mismatch 
(VceE = 12.5 V, Pout = 30 W, f = 175 MHz, 
Load VSWR = ©«:1, All Phase Angles) 


No Degradation in 


_ Output Power 
Input Impedance, Common Emitter (Typ) 


(Vce = 12.5 V, Pout = 30 W, f = 175 MHz) Eig We al ONs | 
Load Impedance, Common Emitter (Typ) 2 nee | ~~ 
(Vee = 12.5 V, Pout = 30 W, f = 175 MHz) ZLoad = 2.7 + j0.2 Ohms a 


TYPICAL CHARACTERISTICS 


300 


ree : 
3 
foe wy 200 
1p) 
ian =z 
= < 
=< e 
= = 
z = 
= So 
s) tE 
= 2 
—_ 
D ee 
Pe 3 100 
ro) 2 
2 S 
pow J : 
af 
0 
Vob, COLLECTOR-BASE VOLTAGE (VOLTS) 
Pin, INPUT POWER (WATTS) | Figure 2. Output Capacitance versus Voltage 
Figure 1. Output Power versus Frequency 
+Vec- 
C12 
C13 
Dy 
7 i # 
© 
co 50 2 
Vit. Q “7, 217. 
C1, C2 — 100 pF ARCO 423 trimmer capacitor C10 — 1000 pF UNELCO mica capacitor L4 — 6 turns, 1 mm enameled wire, ID = 6 mm 
C3 — 200 pF UNELCO mica capacitor C11, C14 — 100 nF ceramic capacitor L5 — 10 wH molded coil 
C4 — 150 pF UNELCO mica capacitor C12 — 10 nF ceramic capacitor L6 — 8 turns enameled wire wound on ferrite 
C5 — 120 pF UNELCO mica capacitor C13 — 47 uF 25 V electrolytic capacitor . core 4C69 x 15 mm, pr = 120 
C6 — 100 pF UNELCO mica capacitor 
C7 — 25 pF UNELCO mica capacitor © Li — 3 turns, 1 mm enameled wire, ID = 6mm _ —_R1 — 100 9 1 W Carbon composition resistor 
C8 — 40 pF ARCO 403 trimmer capacitor L2 — Copper lead 8 x 6 mm R2 — 10 Q 1/2 W Carbon composition resistor 
C9 — 1000 pF ceramic disc capacitor L3 — 1.5 mm wire, 30 mm length 


Figure 3. 175 MHz Test Circuit 


MOTOROLA RF DEVICE DATA 


2-1200 


MOTOROLA 
a SEMICONDUCTOR & 
TECHNICAL DATA 


The RF Line | | | 2k am 
VHF Power Transistor 
The TP2335 device is intended for use in VHF transmitter output stages where high “ 35 W — 175 Miz 
gain is desired. . | a! : VHF POWER 


Use of gold metallization and diffused emitter ballast resistors result in enhanced reli- | ek TRANSISTOR 
ability and ruggedness. » a - 


@ 175 MHz 

© 35 W— Pout 

e 125V—Vcc 

® High Gain — 11 dB Min @ 175 MHz 


.380 SOE 
CASE 145D-01, STYLE 1 


MAXIMUM RATINGS : me | 

Rang SSSSS~*dSC at [Ve 
an rae 
an nen 


16 
36 
Fe 
Ca 
0.46 | Wee 
200 


Ic 
Total Device Dissipation @ Tc = 25°C oe 
Derate above 25°C 
Storage Temperature Range ia | Tstg |, —65 to +200 


THERMAL CHARACTERISTICS | | 


OFF CHARACTERISTICS 
Collector-Emitter Breakdown Voltage (Ic = 50 mA, Ip = 0) 
Collector-Base Breakdown Voltage (Ic = 50 mA, IE = 0) 
Emitter-Base Breakdown Voltage (IE = 5 mA, Ic = 0) 


Collector Cutoff Current (VcE = 15 V, VBE = 0) 


DYNAMIC CHARACTERISTICS 


Output Capacitance (Veg = 15 V, Ip = 0, f = 1 MHz) Cob — | 7 | wo | pe. 


(continued) 


MOTOROLA RF DEVICE DATA 


2-1201 


TP2335 


ELECTRICAL CHARACTERISTICS — continued 


[Characters ———SSS*dC mbt || 


FUNCTIONAL TESTS 


Common-Emitter Amplifier Power Gain 
(VcE = 12.5 V, Pout = 35 W, f = 175 MHz) 


Collector Efficiency (VcE = 12.5. V, Pout = 35 W, f = 175 MHz) 


Load Mismatch 
(VcE = 12.5 V, Pout = 35 W, f = 175 MHz, 
Load VSWR = oo:1, All Phase Angles) 


No Degradation in 
Output Power 


Zin = 1.05 + j0.5 Ohms —- 
ZLoad = 2.7 + j0.2 Ohms 


TYPICAL CHARACTERISTICS 


300 | 


Input Impedance, Common Emitter (Typ) 
(VceE = 12.5 V, Pout = 35 W, f = 175 MHz) 


Load Impedance, Common Emitter (Typ) 
(VcE = 12.5 V, Pout = 35 W, f = 175 MHz) 
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Reem en ate nan Panne 


oe fy 
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| Veh, COLLECTOR-BASE VOLTAGE (VOLTS) 


wae 


0 2 4 6 8 


Pin, INPUT POWER (WATTS) Figure 2. Collector-Base Capacitance versus Voltage 


Figure 1. Output Power versus Input Power 


+V 
Cio} cit] Cci2}  c13 o 
| E L6 
C14 298 
y : C6 s = C7 77. OUTPUT 
INPUT | | Ri et ae | 500 
50.0, L1 | ww. ny —i 
Oo= | Ly L2 . co 
Tee, Se ‘a i! | ‘ 
3 DUT oe C8 
C1 Se = C3 ? | 
L5 = S R2 
“4 oh 


C10 — UNELCO 1 nF Mica Capacitor 
C11, C14 — 100 nF Ceramic Capacitor 
_ C12 — 10 nF Ceramic Capacitor 


L5 — 10 wH molded coil 
L6 — 8 turns enameled wire wound on ferrite 
core 4C69x 15mm ur = 120 


~ C1, C2 — ARCO 100 pF 423 Trimmer Capacitor 
C3 — UNELCO 200 pF Mica Capacitor 
C4 — UNELCO 150 pF Mica Capacitor 


C5 — UNELCO 120 pF Mica Capacitor 
C6 — UNELCO 100 pF Mica Capacitor 
’ C7 — UNELCO 25 pF Mica Capacitor 
C8 — ARCO 40 pF 403 Trimmer Capacitor 
C9 — 1 nF Ceramic disc Capacitor 


C13 — 47 uF 25 V Electrolytic Capacitor 
L1— 3 turns 1 mm enameled wire ID 6 mm 
L2. — Copper lead 8 x 6 mm 

L3 — 1.5 mm wire, 30 mm length 


L4 — 6 turns 1 mm enameled wire ID = 6 mm 


Figure 3. 175 MHz Test Circuit 
MOTOROLA RF DEVICE DATA 


2-1202 


R1 — 100 2 1 W Carbon composition resistor 
R2 — 10 © 1/2 W Carbon composition resistor 
PC Board: Double Sided PC Board 0.06” 


MOTOROLA 


aa SEMICONDUCTOR aa 


TECHNICAL DATA 
The RF Line _ | ‘TP2370 
VHF Power Transistor 


The TP2370 transistor is intended for land mobile applications operating over the = 70 W — 175 MHz 


145-175 MHz frequency range with typical vehicular power supplies. . VHF POWER | 
The combination of diffused silicon ballasting, gold metallization and lowthermal. TRANSISTOR 


resistance provide high reliability and improved ruggedness. 
® 175 MHz 3 | 

@ 70 W i Pout. 

®12.5V—Vcc 

@ Gold Metallization for Reliability 


500 J ZERO 
CASE 316A-01, STYLE 1 


MAXIMUM RATINGS 


200 
~65 to +200 °C 


ELECTRICAL CHARACTERISTICS | 


THERMAL CHARACTERISTICS 


| Characteristic | Symbol | Min] tye | Max | Unit | 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage (Ic = 100 mA, Ip = 0) | V(BR)CEO oe eee 
Collector-Base Breakdown Voltage (lc = 100 mA, lig = 0) ViBR)CBO eee 
Emitter-Base Breakdown Voltage (I—E = 10 mA, Ic = 0) ViBR)EBO 


Collector Cutoff Current (Vcgp = 15 V, Ie = 0) ICBO 
ON CHARACTERISTICS ts | | 
| PC Current Gainiig=1AVee=8V) te | ot | |= TO 
FUNCTIONAL TESTS | | | 


Common-Emitter Amplifier Power Gain 
(VCE. = 12.5 V, Poyt = 70 W, f = 175 MHz) 


Collector Efficiency (VcE = 12.5 V, Poyt = 70 W, f = 175 MHz) 


Load Mismatch No Degradation in: 
(VCE = 12.5 V, Pout = 70 W, f = 175 MHz, Out can Power 
Load VSWR = 10:1, All Phase Angles) : 
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Figure 1. Output Power versus Input Power 


Figure 2. Collector Efficiency versus Output Power 
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TP2370 


£ELeS 
BRN eee 


yaalitaee 


Zin, INPUT IMPEDANCE (OHMS) 


CLASS C 
Voc = = es 5V 


PT 
COCA 


f, FREQUENCY (MHz) 


Figure 4. input Series Impedance versus Frequency 


¢3 

INPUT ut | | 
Js 

S32 3 


C1 ~ C2 R1- 


C1 —- UNELCO 27 pF 

C2 — UNELCO 68 pF +4~40 pF trimmer capacitor 
C3 — UNELCO 300 pF 

C4 — UNELCO 200 pF 

C5 — UNELCO 150 pF 

C6 — UNELCO 120 pF 

C7 — UNELCO 47 pF + 7-100 pF trimmer capacitor 
C8 — UNELCO 39 pF 

C9 — UNELCO 27 pF +1.5-20 pF trimmer capacitor 
C10 — UNELCO 1 nF 

C11 — UNELCO 300 pF 

C12 — 10 nF + 0.1 uF + 10 pF 


135 145 155 165 175 


Zout, OUTPUT IMPEDANCE (OHMS) 


13 M5 SOC 165. 175 
f, FREQUENCY (MHz) | 


Figure 5. Output Series Impedance versus Frequency 


OUTPUT 


= C10 


L1 — 2 turns 16 AWG 0.16” ID 

L2 — 3 turns 22 AWG on ferroxcube 

L3 — 2” length 12 AWG 

L4— 3 turns 16 AWG 0.16" ID 

L5 — 20 turns 20 AWG on 0.50” ferroxcube 

Z1 — Cu strap 0.47” L. 0.12 W 

22 — Base pad 0.06” single sided PC board 0.58” Lx0.20” W 

23 — Collector pad 0.06” single sided PC board 0.65” Lx0.16” W 
24 — Cu strap 0.98" L 0.16" W : 
R1i—1.101W 

R2—1.1Q01W 


Figure 6. 175 MHz Test Circuit 
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MOTOROLA 
TECHNICAL DATA  — 


| TP2502 
The RF Line | 


UHF Power Transistor 


. designed for UHF large-signal amplifier applications in industrial and commercial FM | 2 W — 470 MHz 


equipment. | UHF POWER © 
@ 470 MHz | ; TRANSISTOR 
@®2W — Pout t 

® 125V—Vcc 

® Rugged 


.280 SOE S 
CASE 249A-01, STYLE 1 


MAXIMUM RATINGS 


Collector Current — Continuous 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


Operating Junction Temperature 


Thermal Resistance, Junction to Case 
ELECTRICAL CHARACTERISTICS 


Characteristic 


OFF CHARACTERISTICS _ 


(cies aesen io semeter On, Iemma a Si me 
| Collector-Base Breakdown Voltage (Ic = 40mA'e= 0) | Weprycso | 40 | | = de 
Emitter-Base Breakdown Voltage (le = 0.5 mA, ie = 0) | Verepo | 35 | — | — | Vac | 


ON CHARACTERISTICS 
DC Current Gain (Ic = 200 mA, VcE = 
DYNAMIC CHARACTERISTICS 


Output Capacitance (Vcg = 15 V, IE = 0, f = 1 MHz) 


{continued) 
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ie ZzouZd 


[Won [ Unie 


ELECTRICAL CHARACTERISTICS — continued 


Characteristic 


FUNCTIONAL TESTS 


Common-Emitter Amplifier Power Gain 


2 W, f = 470 MHz) 


12.5 V, Pout = 
Collector Efficiency (VCE = 12.5 V, Pout 


(VCE 


N I. 
a 
S | 
oO 
ph 
ey | 
atlp 
ro 
N 


No Degradation in 
Output Power 


2 W, f = 470 MHz, 


Load VSWR = 00:1, All Phase Angles) 


12.5 V, Pout 


Load Mismatch 
(VCE 
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Prrereypecors 
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baw eee hee 


fare 


f, FREQUENCY (MHz) 


Pin, INPUT POWER (WATTS) 


Figure 2. Output Power versus Input Power 


Figure 1. Output Power versus Frequency 
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Vce, COLLECTOR-EMITTER VOLTAGE (VOLTS) 


7 Figure 3. Safe Operating Area 
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TP2502 


Zin of = 510 MHz 


M0 Tog 


Po el . 


ret 
ae 
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wt woneer 
; ee 
a wen 
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= 510 MHz. 
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Figure 4. Series Equivalent Input/Output impedances 


Vee = 125V 
CLASS C 


0.8/10 pF , 33 pF : : 
ONS a 470 pF OUT 
IN | ee) > ee eH O 
(e) 50. F | ) | DUT , a © fa J , 
3.9 pF , 
15 pF 0.8/10 pF 
4 3 2709 7, 
o f, ie 
‘L1— 0.0594 /500 L4— 0.0744 /500 


L2 — 0.030 4/250 -L5 — 0.103 A / 50 2 
L3 — 0.030 A / 250 : 


All transmission lines references at 480 MHz 


Figure 5. 470 MHz Test Circuit 
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MOTOROLA | 
=] SEMICONDUCTOR SEE 
TECHNICAL DATA 


The RF Line TP2503° 


NPN Silicon 4% 
UHF Power Transistor | 


5 W — 470 MHz 
; = . MS yikes UHF POWER 
... designed for 12.5 V VHF and UHF amplifiers. High gain at reduced voltage and use of | — TRANSISTOR 
studless package make the TP2503 suitable for use in portable radio applications. “ 
@ 470 MHz | 
® 5 WwW — Pout 


@12.5V—Vcc _ 
® Capable of Withstanding Load Mismatch at Rated Output Power 
e Guaranteed Performance at UHF, VHF and Midband 


.280 SOE S ; 
CASE 249A-01, STYLE 1 


MAXIMUM RATINGS _ 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C. 


| 200 
~65 to +200 ae 


THERMAL CHARACTERISTICS. 


Thermal Resistance, Junction to Case 


ELECTRICAL CHARACTERISTICS 


Se 
OFF CHARACTERISTICS 

[ColestorEmiter Sreaidown Votage ic = S0mAip= 0 | Wenceo | 8] — [= 
FEmiter-BateBreadown Votage le =2mA. t= 0) | Waneso | 4 
[colecter Cutoff Curent Wee ="8Vie=0 ——~*dYS—siteso | 


ICBO 
ON CHARACTERISTICS | 


DC Current Gain (I¢ = 200 mA, Vcg = 5 V) = 


DYNAMIC CHARACTERISTICS 


(continued) 


ee 
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TP2503 


ELECTRICAL CHARACTERISTICS — continued a. 3 | | 
Characins «dS bot | _Min | Tp | Mex [Unk | 
_FUNCTIONAL TESTS 


Common-Emitter Amplifier Power Gain 
(VceE = 12.5 V, Pout = 5 W, f = 470 MHz) 
(VcE = 9.5 V, Pout = 5 W, f = 175 MHz) 
(VcE = 9.5 V, Pout = 5 W..f = 88 MHz) 
Collector Efficiency (VcE = 12.5 V, Pout = 2 W, f = 470 MHz) 


Load Mismatch | os 
(VcE = 12.5 V, Pout = 5 W, f = 470 Mhz, | a re 
Load VSWR = 0:1, All Phase Angles) . 


Input Impedance, Common Emitter (Typ) | ra 
(VcE = 12.5 V, Pin = 0.7 W, f = 470 MHz) | Zi oe Cams 
Load Impedance, Common Emitter (Typ) c = | : a 
(VcE = 12.5 V, Pout = 5 W, f = 470 MHz) Load’ 999: 15.75 Ohms 


TYPICAL CHARACTERISTICS 


Pout, OUTPUT POWER (WATTS) 
Pout, OUTPUT POWER (WATTS) 
= 


0 1 
100 300 500 700 
Pin, INPUT POWER (mW) Pin, INPUT POWER (mW) 
Figure 1. Output Power versus Input Power Figure 2. Output Power versus Input Power 


f = 470 MHz f = 175 MHz 


as Ff Seeeez 
nN ! 
e ee 
a aa ae ss 
oc = 
[o) << 
a. 5 oO 
=" ——— ie 
E mm : 
Oo 4 a 
= ra 
| eee 
2 
Pin, INPUT POWER (mW) f, FREQUENCY (MHz) 
Figure 3. Output Power versus Input Power ' Figure 4. Power Gain versus Frequency 
wee f = 88 MHz | and Voltage Supply 
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TP2503 


MTTF FACTOR (HRS x AMP2) 


NOTE: DIVIDE BY 
\C2 TO OBTAIN 
METAL LIFETIME 
IN HOURS. 


Pp, MAXIMUM POWER DISSIPATION (W) 


Ty, JUNCTION TEMPERATURE (°C) Ty, JUNCTION TEMPERATURE (°C) 
Figure 5. MTTF Factor versus Junction Temperature Figure 6. Power-Temperature Operating Curve 


C1 — 3.9 pF, ceramic chip 

C2 — 0.8~10 pF, Voltronics AP 10, variable 
C3, C4 — 25 pF, ceramic chip 
C5 — 1500 pF, ceramic chip 

C6 — 10 pF, Underwood 

C7 — 5 pF, Underwood 

C8 — 0.01 pF, disc-ceramic - 

C9 — 0.1 uF, disc-ceramic. 

C10 — 1000 pF, Underwood 

C11 — 5 pF, electrolytic 


INPUT (yy — 003A 004A 006A OUTPUT 
_* . : “s) 


2o.500e120600}7] 50 0 


L1— 4 turns, #22 enameled, 0.1” |.D. 


R1— 750 Q, 1/2 watt, carbon . 
RFC-1 — 2-1/2 turns #22 AWG on Ferroxcube 
VK211/17-4B 


All transmission lines reference at 480 MHz 


Figure 7. 450-510 MHz Test Circuit 


+V C1, C2, C4 — 7-100 pF ARCO 423 
ca cé 7 - | C3 — 24-200 pF ARCO 425 
C5 — 150 pF mica capacitor UNELCO 
C6 — 1000 pF mica capacitor UNELCO 
C7 — 10 nF ceramic disc 
C8 — 47 F/63 V electrolytic 


L1 — 10 4H Molded Coil 


T1, 72 — Transmission Line Transformers 2 wires 
8/10 mm twisted — 5 cm length 


Figure 8. 175 MHz Test Circuit 


C1, C2, C3 — 24-200 pF ARCO 425 

C4 — 7-100 pF ARCO 423 

C5 — 1000 pF mica capacitor UNELCO 
C6 — 10 nF ceramic disc 

C7 — 0.1 «wF ceramic disc 

C8 — 100 uF/35 V electrolytic 


L1, L4 — 4 turns 14 AWG 1/2" 1.D. 
L2 — 0.47 wH 
L3 — 6 turns 14 AWG 1/2” |.D. Close Wound. 


Figure 9. 88 MHz Test Circuit 
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MOTOROLA 
as SEMICONDUCTOR | 
TECHNICAL DATA 


. es oe _ TP2505 
Advance Information | | | — TP2505S 
The RF Line | | 


i- Power Transistors 


The TP2505/S are designed for 12.5 V UHF amplifiers. Their construction which incor- 
porates emitter ballast resistors and gold metallization for long life, enables the parts to 
be used at their maximum ratings and withstand an infinite VSWR at all phase angles. 
@ 470 MHz 
@5W— Pout 
@125V—Vcc . 

@ Gold Metallization for Reliability 


5 W — 470 MHz 
UHF POWER 
TRANSISTORS 


MAXIMUM RATINGS 


Collector-Emitter Voltage — VCEO 
Emitter-Base Voltage cana VEBO Ne eae 
Collector Current — Continuous 
| 25 
0.2 
Operating Junction Temperature 
Storage Temperature Range © | Tstg__ | - 65 to +200 
THERMAL CHARACTERISTICS. | 
j sia .280 SOE S 
Thermal Resistance, Junction to Case (Tc = 70°C) TP2505S 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 


OFF CHARACTERISTICS ; | 

[Colestoréminer Breakdown Vokage ig = mA Tg =O | Wenceo [16 [ — [| — | vw 
[EmniterBese Breakiown Voge fe = Sma Ie = 0) | Wome | «| — | — | ve 
Fcotestor cut Coment Veg = 16Vie=0) ———~«dY Siew] | Ye 


ON CHARACTERISTICS 


DC Current Gain (i¢ = 500 mA, VcE = 5 V) | : 


DYNAMIC CHARACTERISTICS 


FUNCTIONAL TESTS 


.280 SOE 
CASE 244C-01, STYLE 1 
TP2505 


Total Device Dissipation @ Tc = 70°C 
Derate above 70°C 


— 65 to +200 


Common-Emitter Amplifier Power Gain 
(VCE = 12.5 V, Pout = 5 W, f = 470 MHz) 


Collector Efficiency (VcE = 12.5 V, Pout = 5 W, f = 470 MHz) 


Load Mismatch NoD aneava: 
(VcE = 12.5 V, Poyt = 5 W, f = 470 MHz, : egra sates In 
Load VSWR = 00:1, All Phase Angles) | | ! utput Power 


This document contains information on a new product. Specifications and information herein are subject to change without notice. 
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_ MOTOROLA | ee 
@ SEMICONDUCTOR xxx 
TECHNICAL DATA Len ot iat fee eer 


TP2510 


Advance Information 
The RF Line a 
UHF Power Transistor 


10 W — 470 MHz | 
ae Be - eats UHF POWER 
The TP2510 is designed for 12.5 V UHF amplifiers. Its construction which incorporates TRANSISTOR 
emitter ballast resistors and gold metallization for long life, enables the part to be used — : a 


at its maximum ratings and withstand an infinite VSWR at all phase angles. 


@ 470 MHz 
@ 10 W — Pout 
@ 12.5V—Vcc 


@ Gold Metallization for Reliability 


.280 SOE 
CASE 244C-01, STYLE 1 


MAXIMUM RATINGS 


—65 to +200 


Thermal Resistance, Junction to Case (Tc = 70°C) °C/W 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 


[acter «mbt | Min |e | Mw [Ue 
OFF CHARACTERISTICS 
vienceo | 16 [=] — | ve] 


Collector-Emitter Breakdown Voltage (Ic = 20 mA, Ig = 0) | 
Emitter-Base Breakdown Voltage (Ig = 5 mA, Ic = 0) Verneso | 4 | — | — | -Vde | 


ON CHARACTERISTICS 


DYNAMIC CHARACTERISTICS 


FUNCTIONAL TESTS 


Common-Emitter Amplifier Power Gain 


GpE : 
(VCE = 12.5 V, Pout = 10 W, f = 470 MHz) 


~ Load Mismatch . 
(VcE = 12.5 V, Poyt = 10 W, f = 470 MHz, 
Load VSWR = o:1, All Phase Angles) 


No Degradation in 
Output Power 


This document contains information on a new product. Specifications and information herein are subject to change without notice. 
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MOTOROLA 
= SEMICONDUCTOR 
TECHNICAL DATA 


Advance Information TP251 1 
The RF Line 


UHF Power Transistor 


10 W — 470 MHz 
UHF POWER 
_ TRANSISTOR 


The TP2511 is designed for 12.5 V UHF amplifiers. Its construction which incorporates 
emitter ballast resistors and gold metallization for long life, enables the part to be used 
at its maximum ratings and withstand an infinite VSWR at all phase angles. 


@® 470 MHz 

@ 10 W — Pout @ Tc = 70°C 
@125V—Vcc 

@ High Gain — 10 dB Min, Class AB 


EB 
CASE 319C-01, STYLE 2 


MAXIMUM RATINGS 


Total Device Dissipation @ Tc = 70°C 35 Watts 
Derate above 70°C 0.286 . wc 
Storage Temperature Range —50 to +200 


THERMAL CHARACTERISTICS 


Characteristic Symbol | -Max—s 
Thermal Resistance, Junction to Case (Tc = 70°C) Rg@Jc 
( 


ELECTRICAL CHARACTERISTICS Tc = 25°C unless otherwise noted) 


[SC haraces ————«d|«Symbos | min | ty | Mex | Ont 


OFF CHARACTERISTICS 


ON CHARACTERISTICS | 


[De Gunene Gain ig = 10OmAVeE= WM SSSC~idCe 


DYNAMIC CHARACTERISTICS 


FUNCTIONAL TESTS 


Common-Emitter Amplifier Power Gain. 


(VCE = 12.5 V, Pout = 10 W, f = 470 MHz, Iq = 100 mA) 


Collector Efficiency . ; 
(VcE = 12.5 V, Poyt = 10 W, f = 470 MHz, Iq = 100 mA) 


This document contains information on a new product. Specifications and information herein are subject to change without notice. 
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MOTOROLA 


-m SEMICONDUCTOR mm 
TECHNICAL DATA | 


Advance Information TP2520 | 


The RF Line 
UHF Power Transistor 


20 W — 470 MHz 


The TP2520 is dexigned for 12.5 V common-emitter amplifier applications in mobile | UHF POWER 
cellular radio and other equipment operaung in Class A, AB, B and ci in ine 400-470 TRANSISTOR © 
MHz frequency band. . Be cs 


@ 470 MHz 

® 20 W — Poyt @ Tc = 70°C 
®125V—Vcc 

® High Gain — 10 dB Min, Class AB 


MAXIMUM RATINGS 


Total Device Dissipation @ Tc = 70°C 
Derate above 70°C 
Operating Junction Temperature 
Storage Temperature Range ae ee 


THERMAL ld ld 


Characteristic 


Thermal Resistance, Junction to Case (Tc = 70°C) 


ELECTRICAL CHARACTERISTICS ues = 25°C unless otherwise noted) | . ‘peas 3 | 
[heer | Semel | ine |e | ed 
OFF CHARACTERISTICS 

coletornitrSreekiown Vola ig = 20mg =O) | Waneeo [10 | = [=] va 
[calectortao Breakdown Vokage c~ 10ma ic) | Wanicao | 20 [= | =] vee 
Sires Sows huge Ue ~ 10mg = | Wangs [4 | | = | we 
[caacor Cutt curent Ven = 18g =0) | ea] = 


ICBO. 
ON CHARACTERISTICS 


| DC Current Gainile = 100mA Vee =t0vV) |e | | 


DYNAMIC CHARACTERISTICS 


Output Capacitance (Vcp = 16 V, IE = 0, f = 1 MHz) 


FUNCTIONAL TESTS 


Common-Emitter Amplifier Power Gain 
(VcE = 12.5 V, Pout = 20 W, f = 470 MHz, lq = 100 mA) 


Collector Efficiency 
(VcE = 12.5 V, Poyt = 20 W, f = 470 MHz, lq = 100 mA) 


This document contains information on a new product. Specifications and information herein are subject to change without notice. 
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MOTOROLA 
a SEMICONDUCTOR wm 
TECHNICAL DATA 


a TP3009 
The RF Line  TP3009S 


UHF Power Transistors 


The TP3009/S is designed for 12.5 V, 900 MHz common-emitter amplifier operating in 


0.75 W — 900 MHz 


the 820-960 MHz frequency region. UHF POWER 
@ 900 MHz TRANSISTORS 
@ 0.75 W — Pout | 
® 12.5 V—Vcc 

@ 7.5 dB Min Gain 


MAXIMUM RATINGS 
- .200 SOE 
CASE 305B-01, STYLE 1 
TP3009 


.200 SOE S 
CASE 305C-01, STYLE 1 
TP3009S 


OFF CHARACTERISTICS | 


Collector-Emitter Breakdown Voltage (Ic = 10 mA, Ip = 0) | V(BR)CEO 


( 
Collector-Base Breakdown Voltage (lc = 1 mA, IgE = 0) (BR)CBO 
Emitter-Base Breakdown Voltage (ig = 0.1 mA, Ic = 0) . V(BR)EBO 


Collector Cutoff Current (Vcp = 15 V, IE = 0) ICBO 


ON CHARACTERISTICS 


DYNAMIC CHARACTERISTICS 


Output Capacitance (Vcg = 12.5 V, IE = 0, f = 1 MHz) © 
FUNCTIONAL TESTS 


Common-Emitter Amplifier Power Gain 
(VCE = 12.5 V, Poyt = 0.75 W, f = 900 MHz) 


Collector Efficiency (VcE = 12.5 V, Poyt = 0.75 W, f = 900 MHz) 


Load Mismatch 


(VCE = 16 V, Poyt = 0.75 W, f = 900 MHz, Mo Degradation. 4m 


Output Power 


Load VSWR = o:1, All Phase Angles) 


MOTOROLA RF DEVICE DATA 


2-1216 


TP3009, TP3009S 


TYPICAL CHARACTERISTICS 
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Figure 1. Output Power versus Input Power 
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_ NORMALIZED TO 50 OHMS 


| Figure 2. Series Equivalent Input/Output Impedances 
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TP3009, TP3009S 


+ 12.5 V (V¢c) 
R1 (8 C7 =] cg 
C6 #7 

4 1: "y 

o AHH: 
be wee, : RE 
RF r re re: C12 OUTPUT 

C2 c3 


- 


f # eee 


INPUT ite ue ee eee ee | 
ae... ‘ cio ae fa , 
3 : 


4. 
1 5 | 
2 


C1 C5 C7 C12 | CAPA CHIP 330 pF CGO SMT | L1 1502 Line L=15mm | 
C2.C3 C10 C11] 0.5-5 pF GKU Trimmer Capacitor || L2 |25Q Line L=7mm 
| C4. | CAPACHIP39pF sf LS | 75Q. Line L=27mm__| 
: | iz 


| RESISTOR // 2 X 2702 1/2 W 
| 0.57 for Class B Operation 


| Board f TEFLON GLASS 1/50 inch er = 2.55 
Material | Cu 35 wm . 


Note: Amplifier tunable from 820 to 960 MHz. 
Instantaneous Bandwidth — 40 MHz Typ. 


Cc 

C 
0Q Line L=28mm 
ak eee 


Figure 3. Broadband Amplifier Circuit 


MOTOROLA 


900 MHz 
TP3009/S 


Board Material: .020- In. Glass Teflon er = 2.55 


Figure 4. Printed Circuit Board Layout (Not to Scale) 


f 900 MHz 
ol : TP30091S 


INPUT: -QUTPUT 


Figure 5. Component Layout 
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ms SEMICONDUCTOR m 


MOTOROLA 


TECHNICAL DATA 


The RF Line 
UHF Power Transistors 


The TP3010/S are designed for 12. 5 V, 900 MHz common- emitter amplifiers Operating © 
in the 820-960 MHz frequency region. 
® 900 MHz 
®@ 1.5 W — Pout 
®©125V—Vcc 
@ 7 dB Min Gain 


MAXIMUM RATINGS 


Emitter- Base Voltage _ ' Vde 

Collector Current — Continuous e Ge Adc 
SoS 
a a 
THERMAL CHARACTERISTICS 


Thermal Resistance, Junction to Case ae 


Ere EAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 


Characteristic 


OFF CHARACTERISTICS 
Collector-Emitter Breakdown Voltage (Ic = 25 mA, Ip = 0) 
Collector-Base Breakdown Voltage (Ic = 4mA, IE = 0) 
BREED 


ICBO 


TP3010 


TP3010S 


1.5 W to 900 MHz 
UHF POWER 
TRANSISTORS 


.200 SOE. 
CASE 305B-01, STYLE 1 
TP3010 


_ 200 SOE S 
CASE 305C-01, STYLE 1 
TP3010S: 


mera eS rears 
Paneso [ie Te 


ON CHARACTERISTICS 

DC Current Gain (Ic = 320 mA, VcE = 10 V) ~ 
DYNAMIC CHARACTERISTICS 

Output Capacitance (Vcg = 12.5 V, Ie = 0, f = 1 MHz) 
FUNCTIONAL TESTS. 

‘Common-Emitter Amplifier Power Gain 

(VcE = 12.5 V, Pout = 1-5 W, f = 900 MHz) 

Collector Efficiency (Vcz = 12.5 V, Pout = 1.5.W, f = 900 MHz) 

_ Load Mismatch . 


Load VSWR = = 00" |, All phase Angles) 


MOTOROLA RF DEVICE'DATA 
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No Degradation in 
Output Power 


TP3010, TP3010S 


TYPICAL CHARACTERISTICS 


" f = 850 MHz. \ 


a . . , - ‘ % \ . t: # 
949 frou : Zload" 


Pout, OUTPUT POWER (WATTS) 


0 200 400 600 800 1 1.2 
P;.,, INPUT POWER (WATTS] 


6.6 + j34 
59 + j47 
54 + j5.6 
4.7 + {7.85 


Figure 1. Output Power versus Input Power | 


Figure 2. Series Equivalent Input/Output Impedances 


+125 V (Vcc) 
a. = 
|| mS 

C7 


RF 
OUTPUT 

cn 
C10 C11 oe 


C1, C5, C7,C12 | Capacitor Chip 330 pF CGO SMT 


C2, C3, C10, C11. | 0.5-5 BE GKU Trimmer Capacitor 


Note: Amplifier tunable from 820 to 960 MHz. 
Instantaneous Bandwidth — 40 MHz Typ. 


Board Material |.020 In. €r = 2.55, Teflon Glass 


Figure 3. Broadband Amplifier Circuit 
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TP3010, TP3010S 


900 MHz. 
TP3010/S 


Board Material: .020 In. Glass Teflon e, = 2.55 


Figure 4. Printed Circuit Board Layout (Not to Scale) 


900 MHz 
TP3010/S 


Figure 5. Component Layout 
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MOTOROLA 


= SEMICONDUCTOR =u 
TECHNICAL DATA 


hes pene ne oP 2  TP3011 
Advance Information  — | | TpP3011S 


The RF Line 
UHF Power Transistors 


The TP3011/S is designed for 12.5 Volt, common-emitter amplifiers operating in the 
820-960 MHz frequency range. | 


@ 900 MHz | 
e12.5V—Vcc 

®@ 4W — Pout Class B 

e 7 dB Min Gain 


4 W — 900 MHz 
UHF POWER 
TRANSISTORS 


MAXIMUM RATINGS 
.280 SOE 

CASE 244C-01, STYLE 1 
TP3011 


6 


Collector Current — Continuous 


—65 to +200 °C 


= 
HERMAL CHARACTERISTICS .280 SOE S 


Thermal Resistance, Junction to Case Re@Jc a TP3011S 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 


[Characters | Symbol “| Min | Typ | Max | Unt 


OFF CHARACTERISTICS __ oe eae ee oe | 7 
Collector-Emitter Breakdown Voltage (ic = 10 mA, Ip = 0). | Wericeo | 16 =| CUS] CU Ve 
wericeo | 30 |= | = | ve 
werieso | 3 | — | = | ve 
Collector Cutoff Current (Veg = ICBO Sa ee eee 
ON CHARACTERISTICS 


DYNAMIC CHARACTERISTICS 
FUNCTIONAL TESTS . 


Common-Emitter Amplifier Power Gain 
(VcE = 12.5 V, Pout = 4 W, f = 900 MHz) 


Collector Efficiency 


Collector-Base Breakdown Voltage (Ic = 1 mA, le = 0) = 
Emitter-Base Breakdown Voltage (Ig = 2 mA, Ic = 0) 
15.V, le = 0) | 


(VCE = 12.5 V, Pout = 4 W, f = 900 MHz) 


Load Mismatch 
(VcE = 16 V, Pout = 4 W, f = 900 MHz, 
Load VSWR = 00:1, All Phase Angles) | Output Power 


No Degradation in 


This document contains information on a new product. Specifications and information herein are subject to change without notice. 
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MOTOROLA | | 
a SEMICONDUCTOR Gam 
TECHNICAL DATA 


The RF Line se 
UHF Power Transistor 


The TP3012 is designed for 12.5 V, 900 MHz common-emitter amplifier applications in 
mobile cellular radio and commercial FM equipments operating in the 820-960 MHz 
frequency band. 


e@ 900 MHz 

@ 10/12 W — Pout, Class B (No Quiescent Current) 
®12.5V—Vcc — 

@ 7/6 dB Min Power Gain 


TP3012 


10/12 W — 900 MHz 
UHF POWER 
TRANSISTOR 


MAXIMUM RATINGS 


ELECTRICAL CHARACTERISTICS 


OFF CHARACTERISTICS 


<a 
[Collector dese Breakdown Votage ic = SmAte- 0) | Vienyeao | 30 | | =| ve | 
[Collector Cutoff Curent Weg = 15Vie=0) + —itepo | = | =| 2 | made 


ON CHARACTERISTICS 


DYNAMIC CHARACTERISTICS 


a ee ee ee 


(continued) 


MOTOROLA RF DEVICE DATA | 
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TP3012 


ELECTRICAL CHARACTERISTICS — continued 


PT Charactoinie———SSSSS*dCS bot [win [Te | Mae [Uni 


FUNCTIONAL TESTS 


Common-Emitter Amplifier Power Gain. 
(VcE = 12.5 V, Pout = 10 W, f = 900 MHz) 
(VcE = 12.5 V, Pout = 12 W, f = 900 MHz) 


Collector Efficiency (Veg = 12.5 V, Pout = 10/12 W, f = 900 MHz) 
Load Mismatch 

(VcE = 16 V, Pout = 10 W, f = 900 MHz, 

Load VSWR = ©o:1, All Phase Angles) 


No Degradation in 
Output Power 


TYPICAL CHARACTERISTICS 


20 


—_— 
on 


a /- 
A 


f= 850 Miz . 


oT 


Pout, OUTPUT POWER (WATTS) 
S 


oO - 1 2 3 4 5 6 
Pin, INPUT POWER (WATTS) | 


Figure 1. Output Power versus Input Power a 


880 
900 
940 


2.6 + {10 
2.4 + j10.6 
23 + {115 
18 + j129 


Figure 2. Series Equivalent Input/Output impedances 


+ 12.5 V (Vec) 
.@) 


“> 


Oo Fr 1 T a“ 
| | RF 
RE ip HS. OUTPUT 
a8 | a c's 
C3 


INPUT C7 
c Peer ee | 
eee eel C1, C7, C8, C11 — Capacitor Chip 330 pF CGO SMT 
m= C5 m C6 C2, C5, C6 — 0.5-5 pF GKU Trimmer Capacitor 
C2 C4 C3, C4 — Capacitor Chip 12 pF CGO | 
2 7 C'5 — Capacitor Chip 3:9 pF 
CHI = TUT C10, C13 — Electrolytic Capacitor 10 MF 16 V 

: CH1, CH2 — 3 Turns Dia. 5 mm Wire 8/10 mm 


Fp — Ferrite Bead 
12.5 V D — Diode 0.58 V (for class B) 
R — Resistor 120 Ohm 1/2 W 
L1 — 25 mm Zg = 50 Ohm 
L2 — 9mm Zo = 50 Ohm 
L3— 8 mm Z>, = 50 Ohm 
Board Material: 0.020 In., e, = 2.55, Teflon Glass 


i i oi 


Figure 3. Broadband Amplifier Circuit 
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- MOTOROLA. | oe 
mi SEMICONDUCTOR & 
TECHNICAL DATA 


Advance Information 
The RF Line 
UHF Power Transistor 


TP3013 


4 W — 900 MHz 


The TP3013 is designed for 12.5 Volt common-emitter amplifier applications in mobile — _UHF POWER 
cellular radio and commercial FM equipments operating in the 820-960 MHz frequency TRANSISTOR 
band. | | : 

@ 900 MHz 


® 4W — Pout, Class B 
@ 12.5V—Vcc 
@ 7.5 dB Min Gain 


MAXIMUM RATINGS 


Collector Current — Continuous . 


THERMAL CHARACTERISTICS 


Characteristic 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 


OFF CHARACTERISTICS 


ON CHARACTERISTICS 


DC Current Gain (Ic = 50 mA, Vc = 10 V) | hee | 40 | — | 120 | — | 


DYNAMIC CHARACTERISTICS 


Common-Emitter Amplifier Power Gain 
(VcE = 12.5 V, Poyt = 4 W, f = 900 Mhz) 


Load Mismatch No Degradation in 
(VcE = 16 V, Pout = 4W, f = 900 MHz, . Out a Power 
Load VSWR = ~:1, All Phase Angles) , , p 


This document contains information on a new product. Specifications and information herein are subject to change without notice. 
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MOTOROLA 
a SEMICONDUCTOR 
TECHNICAL DATA 


Advance Information 
The RF Line 


UHF Power Transistor 


The TP3020A is designed for use in the 900 MHz mobile radio band. Its high gain and 
ability to operate Class A makes it an ideal choice as a driver operating Class A, Class B 
or Class C. 

@ 960 MHz 

® 2.2W — Pout 

® 26V—Vcc 

@ High Gain — 9 dB, Class A 


TP3020A 


2.2 W — 960 MHz 
UHF POWER 
TRANSISTOR 


oS 


.280 SOE 
CASE 244C-01, STYLE 1 


MAXIMUM RATINGS 


a 
Total Device Dissipation @@ Tc = 25°C ire we 
Derate above 25°C 0.05 WC 
Operating Junction Temperature 
THERMAL CHARACTERISTICS 
Carton SSSS*dSCS mbt | Mee 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 


PCharctsin «Smt |Win typ [Moe [Unie 
OFF CHARACTERISTICS a 

EmiterBase Breakdown Volage le=0SmAic =a | Wemieso | 25 | — | — [va 
[colectr-Emiter Breakdown Vlage ic = 10 ms Ree = 76a) | Wonicen | 0 | — | — | vee 
[coletor Guoh Curent Wop =24Vie=0 ———S«dYSitego | ~dY  () ml 


ON CHARACTERISTICS 


DYNAMIC CHARACTERISTICS 
FUNCTIONAL TESTS . 


Common-Emitter Amplifier Power Gain 
(VCE = 26 V, Pout = 2.2 W, f = 960 MHz, Iq = 200 mA) 


This document contains information on a new product. Specifications and information herein are subject to change without notice. 
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MOTOROLA 
ms SEMICONDUCTOR mam 
TECHNICAL DATA 


Advance Information TP3022A 
The RF Line 
UHF Power Transistor 


re eae 15 W — 960 MHz 
. designed for common-emitter operation in the 900 MHz mobile radio band. Use UHF POWER 
of gold metallization and silicon diffused ballast resistors results in a medium power | , TRANSISTOR 
_ output/driver transistor with state-of-the-art ruggedness and reliability. . : : 
@ 960 MHz . 
® 15 W — Pout 
® 26V—Vcc 
@ High Gain — 8.5 dB, Class AB 


MAXIMUM RATINGS 


F< APRON (6 SR BAAR 7 
—————— 
THERMAL CHARACTERISTICS 

SAE a Nea iat 
[ermal Resta JuncioniwGeeetHe= 77 | we | 


ELECTRICAL CHARACTERISTICS Niche = 25°C unless otherwise noted) 


es 
_ OFF CHARACTERISTICS ce 
Emitter-Base Breakdown Voltage (IE = 5 mA, Ic = 0) ~ V(BR)EBO Poni toa 


encore Voto d= Yom ee = | vemen [ae [=| Ya 

[ceerCuor curentVee = Vie=@ tego | | | | ae 

ON CHARACTERISTICS 

oc Guest Gung = Uma Vee = We ee 

DYNAMIC CHARACTERISTICS ; . 
Output Capacitance (Vcg = 24 V, IE = 0, f = 1 MHz) 

FUNCTIONAL TESTS 


Common-Emitter Amplifier Power Gain 
(VCE = 26 V, Pout = 15 W, f = 960 MHz, Iq = 50 mA) 


Collector Efficiency 
(VcE = 26 V, Pout = 15 W, f = 960 MHz, Ig = 50 mA) 


This document contains information on a new product. Specifications and information herein are subject to change without notice. 
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MOTOROLA 


= SEMICONDUCTOR aa 
~ TECHNICAL DATA 


TP3023 


Advance Information 
The RF Line 
HF Power Transistor 


4 W — 960 MHz 


UHF POWER 


.. designed for common-emitter operation in the 900 MHz mobile radio band. Use TRANSISTOR 


of gold metallization and silicon diffused ballast resistors results in a medium power 
output/driver transistor with state-of-the-art ruggedness and reliability. 


@® 960 MHz 
9 4W— Pout @ Tc = 70°C 
®24V—Vcc- 


® 8.5 dB Gain, Class AB 


.280 SOE 
CASE 244C-01, STYLE 1 


MAXIMUM RATINGS 


vas 

fae te 
Derate above 70°C 0.143 WiC 

Operating uncon Tempore SSSSCSCS~CS~Ss~CS~CSCsS 


THERMAL CHARACTERISTICS 


Thermal Resistance, Junction to Case (Tc = 70°C) 


ELECTRICAL CHARACTERISTICS us = 25°C unless otherwise noted) 


OFF CHARACTERISTICS 


ON CHARACTERISTICS 


DC Current Gain (lc = 200 mA, VcE = 5 VI FE pe | 120 ees 


DYNAMIC CHARACTERISTICS 


FUNCTIONAL TESTS 


Common-Emitter Amplifier Power Gain 
(VcE = 24V, Pout = 4 W, f = 960 MHz, Tc 


Collector Efficiency 
(VCE = 24V, Pout = 4W, f = 960 MHz, Tc 


This document contains information on a new product. Specifications and information herein are subject to change without notice. 
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MOTOROLA. 
= SEMICONDUCTOR AES 
TECHNICAL DATA 


Advance Information TP3024A | 


The RF Line 
UHF Linear Power Transistor 


35.5 W— 960 MHz 
_ UHF LINEAR POWER 


The TP3024A i a bal nced t t d d ifi T f 
is anc ransistor lesigne specifically for use in. cellular radio, ~ TRANSISTOR » 


systems. 
This device permits.the aecigt ofa Class AB push- pull, high gain, ‘broadband amplifier 
having a high degree of linearity without the need for complicated biasing circuitry. 


@ 960 MHz 

@ 35.5 W — Pout _ 

@ 26 V—Vcc 

@ 7.5 dB Gain | 

® Push-Pull Configuration 


MAXIMUM RATINGS 


Emitter- Base eee 


Storage Temperature Range: _— | . ~65 to +200 ; | 


Thermal Resistance, Junction to Case e (Tc = 75°C) 
ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 


| "Characteristic “aes 


OFF CHARACTERISTICS (Note 1) 


Emitter-Base Breakdown Voltage (IE = 5 mA, Ic = 0) . V(BR)EBO Se SIT Se | 
Collector-Emitter Breakdown Voltage (Ic = 10 mA, Rpg = 75 0) V(BR)CER | 40 | 
; Collector Cutoff Current (VcB = . V, Ie = 0) | Icceo | 


ICBO 
ON CHARACTERISTICS (Note 1) 


FUNCTIONAL TESTS (Note 2) 


Common- Emitter Amplifier Power Gain. 
(VcE = 26 V, Pout = 35.5 W, f = 960 MHz, Pee = 150 mA) 


Collector Efficiency — 
(VCE = 26 V, Pout = 35.5.W, f = 960 MHz, lQtotal = 150 mA) 


Notes: 1. Each transistor chip measured separately. — 
2. Both transistor chips operating in push-pull amplifier. 


This document contains information on a new product. Specifications and information herein are ee to enone withdute notice. 
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MOTOROLA | 
m= SEMICONDUCTOR 
TECHNICAL DATA 


Advance Information TP3026. 


The RF Line | 7 
UHF Power Transistor — ae 


25 W — 960 MHz 


The TP3026 is specifically designed for operation as the final stage in 960 MHz maabilé UHF POWER 
base station amplifiers. Utilization of emitter ballast resistors and gold metallization TRANSISTOR 
results in a transistor MAVIING: a nae Beale’ of reliability and ruggedness. : — 

@ 960 MHz 
@ 25 W — Pout @ Tc = 70°C 
© 24V—Vcc : 


® 8dB Gain, Class AB 


MAXIMUM RATINGS _ 


Emitter-Base Voltage oe : | | 
Total Device Dissipation @ Te = = 70°C . 
Derate above 70°C _ 


Operating Junction Temperature 


THERMAL CHARACTERISTICS 


Characteristic ‘ 


Thermal Resistance, Junction to Case Te = 70°C) 


ELECTRICAL CHARACTERISTICS ae = 25°C unless otherwise noted) 


Symbol ee [a 
OFF CHARACTERISTICS 
Vimiceo 


Emitter- Base Breakdown Voltage (le = 5 mA, Ic = 0) sauce ee ee ee 
Collector-Emitter Breakdown Voltage (Ic = 20 mA, Rpg = 752) ~ Ee ae ee | 
[cotesarcuor caren Nep=aVie=o | tes | — | — | | mate | 


ON CHARACTERISTICS 


DYNAMIC CHARACTERISTICS 


Output Capacitance (VcB = 26 V, lE = 0, f = 1 MHz) 
FUNCTIONAL TESTS 


Common-Emitter Amplifier Power Gain 
(VcE = 24V, Pout = 25 W, f = 960 MHz, Tc = 70°C, Ig = 100 mA)}. 


Collector Efficiency oe . 
(VcE = 24V, Pout = 25 w, f= 960 MHz, Tc = 70°C, lq = 100 mA) 


This document contains information on a new product. Specifications and information herein are subject to change without notice. 
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MOTOROLA SED 4, ate tie 3 — fee 
—@ SEMICONDUCIQ. yxy 
TECHNICAL DATA — | : ae | Jas 


— TP3040 
The RF Line a oe 
UHF Power Transistor 


40 W — 960 MHz 
- UHF POWER. 


The TP3040 is specifically designed for operation as the final stage in 960 MHz mobile 
- base station amplifiers. Utilization of emitter ballast resistors and gold metallization 


results in a transistor having a high degree of reliability and ruggedness. TRANSISTOR a 
@960MHz | r: | 

© 40 W — Pout @ Tc = 70°C 

© 26V—Vcc . 


© 8 dB Gain, Class AB 


MAXIMUM RATINGS. 


Emitter-Base Voltage 


Total Device Dissipation @ Tc = 70°C 
Derate above 70°C 


Operating Junction Temperature aes 


Storage Temperature Range 


a ee 


~50 to +200 


°C 
es 
THERMAL CHARACTERISTICS 


PC haracteistie SSS™S~*~*~CS bd Mei 
Thermal Resistance, Junction to Case (Tc = 70°C) ReJjc Po re oe 


ELECTRICAL CHARACTERISTICS . 


[hasten ——*dSSambo |Min | ToMa [Unie] 


OFF CHARACTERISTICS rer a ¥ | 
Collector-Emitter Breakdown Voltage (Ic = 20 mA, Ig = 0) | viericeo | 28 =| S30 | CS] 
Collector-Base Breakdown Voltage (Ic = 40 mA, Ig = 0) | viericpo | 50 | 55 | — | Vde | 
[Enite-Sae Breakdown Volage ke = Sma ic =O. | Wianeso |_¢ | =| =| var 
Galen Gs Canenttveg = a8 Oh | teno [ = =) 


ON CHARACTERISTICS 


BE ure Gain fg = 00 AVE = 10) a 


DYNAMIC CHARACTERISTICS = | 
Output Capacitance (Vcg = 26 V, IE = 0, f = 1 MHz) 
FUNCTIONAL TESTS — ae 


Common-Emitter Amplifier Power Gain 
(VcE = 26 V, Pout = 40 W, f = 960 MHz, Tc = 70°C, Iq = 150 mA) 


Collector Efficiency 
(VCE = 26 V, Pout = 40 W, f = 960 MHz, Tc = 70°C, Iq = 150 mA) 


MOTOROLA RF DEVICE DATA 
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TP3040 
TYPICAL CHARACTERISTICS — 


(1 
x" 


Pout, OUTPUT POWER (WATTS) 


oO 2 4 6 8 10 12 NORMALIZED TO 100 | 


Pin, INPUT POWER (WATTS) 
OUTPUT = 
NETWORK 


Figure 1. Output Power versus Input Power 
(2) Pout = 30 W, VcE = 26V 
1.2 + j3.6 
INPUT 


1.1 + j3.16 
1 + j2.76 


1.5 + j4.0 - 
13 + 534 |: ——s 
1.2 + j3.2 ae oa ZSource 


NETWORK . 


Figure 2. Series Equivalent Input/Output Impedances 


RF OUTPUT ; 
RF INPUT 500 
500 *CONTACT WITH RF TRANSISTOR 
. C10 | C1, C10, C11, C14 — Capacitor Chip 330 pF 5% 
C1 | C2 — Capacitor Chip.4.7 pF 5% : 
‘ ..C3 — Capacitor Ajust. 1—4 pF 


"C4, C5 — Capacitor Chip 18 pF. 

C6, C7 — Capacitor Chip 10 pF 

C8 — Capacitor Chip 4.7 pF. 

C9 — Capacitor Ajust. 1-4 pF 

C13 — Capacitor 10 uF 35 V 

C15, C12 — 15 nF 

Di, D2 — 1N4148 

* R1— 2.2 Ohms 

R2 — 47 Ohms 

R3 — 1.2 k Ohms 

R4 — 100 Ohms 3 W 

P1 — 10.k Ohms 

T2 — BD135 on heatsink _ 
Board Material: .020 In., e, = 2.55, Teflon Glass 


C13. C12_—«C 11 


Figure 3. 960 MHz Test Circuit 


MOTOROLA RF DEVICE DATA 
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MOTOROLA 
| SEMICONDUCTOR s 
TECHNICAL DATA 


The RF Line TP3093. 


UHF Linear Power Transistor 


. uses gold metallization and diffused emitter ballast resistors for long term reliability. UHF LINEAR 


Its main characteristics are high output level, low noise figure and high fy. These fea- POWER 
tures make the TP3093 an ideal candidate for broadband linear amplifiers up to 1 GHz TRANSISTOR 
(MATV), oscillators, mixers, multipliers and other applications. 

@ 3 GHz fT | / . . | a 

@ 1 Volt Output DIN 45004 B | 3 * 0, sn | > 

® 3.5 dB Gain @ 500 MHz | 

@ Gold Metallization for Reliability | _ er 

& Diffused Emitter Ballast Resistors for Ruggedness . He 


TO-39 
CASE 79-04, STYLE 1 


MAXIMUM RATINGS 


Collector-Base Voltage 


Emitter-Base Voltage ee Vdc 
Collector Current — Continuous 


Total Device Dissipation @ Tc = 25°C | ; 
Derate above 25°C 


Operating Junction ees 
Storage Temperature Range. = 


THERMAL CHARACTERISTICS 


Thermal Resistance, Junction to Case Rose oo ane eee | cw | 


ELECTRICAL CHARACTERISTICS 


ee 


OFF CHARACTERISTICS 


oe a ee ee ee 
ee ee ee 


Emitter-Base Breakdown Voltage (ig = 0.1 mA, ie = 0) _M(BR)EBO 
ON CHARACTERISTICS 


woe ag TS io a ee ee 


DYNAMIC CHARACTERISTICS 


ma 


MOTOROLA RF DEVICE DATA 


2-1233 


TP3093 
ELECTRICAL CHARACTERISTICS — continued 


Characteristic. 


FUNCTIONAL TESTS | | 
Maximum Unilateral Gain (VcE = 15 V, Ic = 50 mA, f = 500 MHz) | — | 95 | — | ew | 
3 


Cutoff Frequency (VceE = 15 V, Ic = 50 mA, f = 500 MHz) 
Insertion Gain (VcE = 15 V, Ic = 50 mA, f = 500 MHz) 


intermodulation Distortion — 3 Tone 
(DIN 45004/B, f = 500 MHz, Vcg = 15 V, 
Ic = 60 mA, RLoad = 75 Ohms) Vout 
Vout = 1000 mV 


fy = 500 MHz 
Ri = 75 OHMS 


f,, CUTOFF FREQUENCY (GHz) 


IMD, INTERMODULATION DISTORTION (dB) 


ic, COLLECTOR CURRENT (mA) Ic, COLLECTOR CURRENT (mA) 


Figure 1. DIN 45004 B IMD versus Ic Coliector Current Figure 2. Cutoff Frequency versus Current 


Figure 3. S72 — S11 Parameters versus Frequency Figure 4. S94 — S42 Parameters versus Frequency 


VcE = 15V Vee = 15 V 


Ic = 50 mA | Ic = 50 mA 


—6 dB FROM REF 


Figure 5. Intermodulation Distortion Test 


MOTOROLA RF DEVICE DATA 


2-1234 


MOTOROLA 
aa SEMICONDUCTOR mm 
TECHNICAL DATA 


The RF Line 
UHF Linear Power Transistor 


... designed for UHF broadband linear amplification such as in high level 1 Volt MATV UHF LINEAR 
Amplifiers up to 860 MHz or low power 200 mW TV Transposer stages. The TP3098 fea- 

are , : ie ; POWER 
tures gold metallization, diffused emitter ballast resistors and a high cutoff frequency. TRANSISTOR 


‘TP3098 


High Output 

1 V (DIN 45004/B) 

200 mW (DIN 45004/K) 

10 dB Gain @ 860 MHz 

Gold Metallization for Reliability 
Diffused Emitter Ballast Resistors 


TO-117A 
CASE 244D-01, STYLE 1 


MAXIMUM RATINGS 


0.03 2 
Operating Junction Temperature 
[Storage TemperatureRange —SSSSCSC~=“~*‘“*~*~*‘“‘*~*S*S~S~*™:CSg =S«YSSC tw OOS 
THERMAL CHARACTERISTICS 
a 
[Thermal Resistance, ndiontoGase —SSSCS*=~“*‘“*~‘“*~*rC*RG~=C*dYSCs*‘“‘(SSOS’”~~#~#*d;SCW 


ELECTRICAL CHARACTERISTICS 


[Characters ———SSSC~*rC mbt ||| | 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage (Ic = 10 mA, Ip = 0) 


2 
Collector-Base Breakdown Voltage (Ic = 1 mA, IE = 0) | Vierjcpo | = =630 | SC] ll O”FT Vde 
iter exe Brenkiown Votage tg = 01nd le = 0” | Wuangso [3] =| =] vee 
caer Gast Gwront Nog = 16g =O | kan | 

Collector-Emitter Breakdown Voltage (Ic = 10 mA, Rpg = 10 9) | Mercer | 2 =| — | — | vac | 


ON CHARACTERISTICS 


ee ee ee 


DYNAMIC CHARACTERISTICS 


Output Capactance Vog = 10V. ie = 0 f= a [ee = 8 | = 


(conti nued) 


MOTOROLA RF DEVICE DATA 
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TP3098 
ELECTRICAL CHARACTERISTICS — continued 


Characteristic 


FUNCTIONAL TESTS 
Noise Figure (VceE = 15 V, Ic = 40 mA, f = 500 MHz) 


Cutoff Frequency (VcgE = 15 V, Ic = 100 mA, f = 500 MHz 


intermodulation Distortion 3 Tone — DIN 45004/B 
(f = 500 MHz, RLoad = 75 Ohms, VcE = 15 V, 
Ic = 100 mA, Vout = 700 mV) 


IMD, INTERMODULATION DISTORTION (dB) 
NF, NOISE FIGURE (dB) 


56 68 10 20 40 60. 80 
lc, COLLECTOR CURRENT (mA) 


ic, COLLECTOR CURRENT (mA) Figure 2. Noise Figure versus Collector Current 


- Figure 1. IMD (DIN 45004 B) versus Collector Current 


PRT 
£ OK > 


10 oO 10 : 


Figure 3. S44 — S22 Parameters versus Frequency Figure 4. S94 — $42 Parameters versus Frequency 
7 Vee = 15V . VceE = 15V 
ic = 100 mA ic = 100 mA 


Li, L2 — 0.1 nH molded coil 


C1, C4, C10 — 1000 pF by pass 

C2, C9 — 470 pF ceramic disc 

C5, C7 — 220 pF ceramic chip 

C3, C8 — 47 pF 40 V electrolytic 

C6 — 2 x 220 pF chip one at each emitter lead 


R1 — 100 ohms 1/4 W carbon resistor 
R2 — 39 ohms 1/4 W carbon resistor 
R3 — 1.5 k ohms 1/4 W carbon resistor 


Figure 5. 500 MHz Test Fixture 


MOTOROLA RF DEVICE DATA 
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MOTOROLA 
m= SEMICONDUCTOR & 
TECHNICAL DATA 


The RF Line 


TP3400 
UHF Linear Power Transistor en 


The TP3400 is a NPN transistor gold metallized for reliability. | | UHE LINEAR — 


The transition frequency of 3 GHz make this transistor a high gain — high output e IIe. POWER 


power part ideal for MATV — CATV linear amplification over the band 40-900 MHz. ~ TRANSISTOR © 
© 3 GHz fT | | | 
® 1.2 Volt DIN 45004 B 

@® 13.5 dB Gain @ 860 MHz | 
® Gold Metallization for Reliability 


.200 SOE 
CASE 305B-01, STYLE 1 


MAXIMUM RATINGS | a , -_ 
[Symbol 
(Ganemaestenas. ee 
‘tet ee 
LonesGimis Omnis | oe 


THERMAL CHARACTERISTICS 


Characteristic | 


ELECTRICAL CHARACTERISTICS | 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage (Ic = 10 mA, Rpg = 10 2) V(BR)CER 


Collector Cutoff Current (VcB = 28 V, IE = 0) _ IeBo | 


ON CHARACTERISTICS 


DYNAMIC CHARACTERISTICS 7 


-. (continued) 


MOTOROLA RF DEVICE DATA 
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TP3400 


ELECTRICAL CHARACTERISTICS — continued 


FUNCTIONAL TESTS | | 
Noise Figure (VcgE = 10 V, I¢ = 125 mA, f = 500 MHz) 


Cutoff Frequency (VcE = 18 V, Ic = 125 mA) 


Intermodulation Distortion 3 Tone — DIN 45004/B 
(f = 860 MHz, RLoad = 75 Ohms, VceE = 18 V, 
ic = 125 mA, Vout = 1.2 V) 


VcE = 18V 
Ic = 125 mA 


NF, NOISE FIGURE (dB) 


50 


Vout, OUTPUT VOLTAGE (VOLTS) 


Ic, COLLECTOR CURRENT (mA 
Figure 1. IMD (DIN 45004 B) versus Output Voltage : ne 


Figure 2. Noise Figure versus Collector Current 
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Figure 3. S99 — S44 Parameters versus Frequency Figure 4. S24 — S12 Parameters versus Frequency 
VcE = 15V Vce = 15V 


I¢ = 125 mA Ic = 125 mA 


MOTOROLA RF DEVICE DATA 
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TP3400 


10% Ag at 860 MHz C1, C2, C14 — variable AIRTRONIC C max 4.7 pF AT 7275 
12% Ag at 860 MHz C3, C4 — ATC chip 10 pF 

L3— 500 line! 7% Ag at 860 MHz C5 — 680 pF ATC chip 

L4— 120 © line | = 10% Ag at 860 MHz C6, C11 — 1 nF 

L5 — 6 turns ID 3 mm wire 0.5 mm C7, C12 — 10 nF 

L6 — 6 turns ID 3 mm wire 0.5 mm C8 — 10 nF 63 V 

C13 — 10 uF 25 V 

C9, C10 — 1 nF chip 


L1— 500 }linel 
L2 — 100 © line | 


to dou 


Figure 5. 860 MHz Test Fixture 


VSUPPLY 


C=1pF +01 pF 
eb ONE 


Figure 6. Bias Circuit 


MOTOROLA RF DEVICE DATA 
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MOTOROLA 


| > LOR | 
TECHNICAL DATA 


| TP3401 
The RF Line TP3401S 


UHF Linear Power Transistors 


The TP3401/S are NPN transistors, gold metallized for reliability. They use diffused 
~ emitter ballast resistors for linearity and ruggedness. 

The transition frequency of 5 GHz makes these transistors ideal for UHF broadband 
linear amplification such as in high level 1.2 Volts MATV amplifiers up to 860 MHz, low 
power TV transposer stages or instrumentation. 


® High Output — 1.2 V (DIN 45004/B) 
@ 5 Giz fT 
@ High Gain — 16 dB Typ @ 500 MHz 


UHF LINEAR 
POWER 
TRANSISTORS 


MAXIMUM RATINGS 


Collector-Emitter Voltage | 


.280 SOE | 
CASE 244C-01, STYLE 1 


Collector-Base Voltage ie 


13 

24 

Emitter-Base Voltage 3.5 
5 

200 


Total Device Dissipation @ Tc = 25°C . 
Derate above 25°C 
Operating Junction Temperature J | 200 


Storage Temperature Range 


THERMAL CHARACTERISTICS | 


Characteristic 4 S 
Thermal Resistance, Junction to Case 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 


CC haactrte «| Sembor | min | Ty | Mex [Unt 


OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage (Ic = 5 mA, Ip = 0) |Merceo | 18 | OU |e 
Collector-Base Breakdown Voltage (Ic = 1 mA, IE = 0) | Vprycso | 24 «| | de 
Emitter-Base Breakdown Voltage (I- = 0.1 mA, Ic = 0) | Verepo | 35 | — | — | Vde | 
Collector Cutoff Current (Vce = 9 V, Ig = 0) . ICEO fo — | = | 06 | mAde | 


ON CHARACTERISTICS 


DYNAMIC CHARACTERISTICS 


Output Capacitance (Vcp = 10 V, Ip = 0, f = 1 MHz) | Cp | — | 35 [| 45 | pe 
FUNCTIONAL TESTS | 
[uot Frequency Wor = 25Viig=omat= swe |G | 48 | 8 | — | Gh | 
Maximum Unilateral Gein (Voe = 125¥. 1G = 160 mat = S00MHA| CUmax | 15 | wea | — | 8 
"insertion ein Woe = 125 IC= 1H mA =s00MH) | Sa | ws | | — | 


“esos mnie Mowt = 7s Ohm Vee i 


280 SOE S 
CASE 249A-01, STYLE 1 
TP3401S 


(fyision = 800 MHz, Rigad = 75 Ohms, Veg = 12.5 V, 
Ic = 150 mA, Vout = 1.2 V) 


MOTOROLA RF DEVICE DATA 
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TP3401, TP3401S 


TYPICAL CHARACTERISTICS 
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Figure 
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“Vee, COLLECTOR-EMITTER VOLTAGE (VOLTS) 


(DIN 45004 B) 


Figure 3. DC Safe Operating Area 
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Figure 2. Intermodulation Distortion Test 


10 mm 
= 27 mm 
= 0.8mm 
L = 10mm 
L = 10mm 


L1— 50 Line, L = 


L2 — 50 2 Line, L 
’ L3— 50 2 Line, L 


Circuit Board Teflon Glass 1/16” 


All Dimensions in Millimeters 
C1 — 120 pF, Chip Capacitor 


L4 — 17.5 © Line, 
L5 — 17.5 © Line, 
L6 — 50 2 Line, L 
L7 — 50 2 Line, L 
L8 — Ferrite Bead 
L9 — Ferrite Bead 


R1 — 56 
R2 — 180 0 


F, Electrolytic Capacitor 


C4 — 50 2 Line, Chip Capacitor 
C5 — 10 pF, Electrolytic Capacitor 


F, Electrolytic Capacitor 
C6, C7 — 0.1 uF 


C2— 10 p 
C3— 10 p 


33 mm 
= 12mm 


= 30 wH 
= 30 nH 


ircui 


C8, C9 — 15 nF 
C10, C11 — 1 nF 


Figure 4. 800 MHz Test C 


“MOTOROLA RF DEVICE DATA 
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TP3401, TP3401S 


_ S-PARAMETERS (TYPICAL) 


VCE = 7.5.V/I¢ = 100 mA, Zp = 50 , Te = 25°C _ 


F (MHz) 
200 


s 


“MOTOROLA.RF DEVICE DATA 
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- MOTOROLA sy _ 
= SEMICONDUCTOR sam 
TECHNICAL DATA 


TP3402 


Advance Information 
The RF Line tbe: xs | - : a 
UHF Linear Power Transistor ae ee i 
= ; _ UHF LINEAR’. 
POWER TRANSISTOR 


The TP3402 is an NPN transistor gold metallized for reliability. It uses diffused emitter 
ballast resistors for linearity and ruggedness. seid ee a 
The transition frequency of 5 GHz makes this transistor ideal for UHF broadband linear 
amplification such as in high level 1.2 Volts MATV amplifiers up to 860 MHz, low power 
TV transposer stages or instrumentation. | : . 
® High Output — 1.6 V (DIN45004B) 
® 5 GHz fT . 
@ High Gain — 16 dB Typ @ 500 MHz | 
e Gold Metallization for Reliability 


| .280 SOE 
CASE 244C-01, STYLE 1 


MAXIMUM RATINGS 


a 
Derate above 25°C 0.048 WC © 
[Operating Junsion Temperewre—SSSCS~C~“*‘~*“‘“*S*sSCSSSC*dCSC“‘SONCOC#*dLSCOWC—C 


THERMAL CHARACTERISTICS . 
Charatan —SSS~S~S~*~dSC ek [Me 
[pwc [| ow 


[hornet Rance, inion wuss 
ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 
harass «Sambo | win [Tw | Me [Ue 
OFF CHARACTERISTICS . | 

FGolecor miter GeeKiown Votage lg = 10mAlp= 0) | Waneco | 1 [ — [=| vee 
colestrSere Beatdown Vokage ic = 2mA.le = 0 | Weemicao [> ae | 


Emitter-Base Breakdown Voltage (Iz = 0.2 mA, Ic = 0) vier|eso | 35 | — | — | Vac 
Soleaor Guat Curent ee = 6.15 = 0 at a 


ON CHARACTERISTICS 


DC Current Gain (ic = 100 mA, Vcg = 5 V) | tree | 70 | — [| 10 | — | 


DYNAMIC CHARACTERISTICS 


Output Capacitance (Vcg = 10 V, Ie = 0, f = 1 MHz) 
FUNCTIONAL TESTS 


Maximum Unilateral Gain 
(VcE = 12.5 V, Ic = 300 mA, f = 500 MHz) 


(continued) 


This document contains information on a new product. Specifications and information herein are subject to change without notice. 


MOTOROLA RF DEVICE DATA 


2-1243 


TP3402 


nee CHARACTERISTICS — continued Te = 25°C unless otherwise noted) 


“<Characte iste 


FUNCTIONAL TESTS 


Maximum Unilateral Gain — ; —_ a = pe 


= 12.5 V, Ic = 300 mA, f = 500 MHz) 
12.5 V, Ic = 300 mA, f = 500 MHz) 


(VCE 
Insertion Gain (VCE = 


Intermodulation Distortion 

3 Tone — DIN45004/B 

(fvision = 800 MHz, Rigag = 75 Ohms, 
VCE = 12.5 V, Ic = 300 mA, Voyt = 1-6 V) 


MOTOROLA RF DEVICE DATA. 
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MOTOROLA | 


= SEMICONDUCTOR EEE 


"TECHNICAL DATA 


- TP5002 


The RF Line TP5002S 


UHF Linear Power Transistors 


The TP5002/S are NPN gold metallized transistors using diffused ballast resistors for 
reliability and ruggedness. They are specifically designed as low power drivers, having 
high gain and can be operated in Class A, B or C. 


@ 380-512 MHz 

61.5W— Pout 

® 24V—Vcc 

® High Gain — 13 dB Min, Class A @ 470 MHz 


1.5 W — 380 to 512 MHz 
UHF LINEAR 
POWER TRANSISTORS 


MAXIMUM RATINGS 


.280 SOE 
CASE 244C-01, STYLE 1 
TP5002 


Rating Symbol 
Collector-Base Voltage VcBO Vde 
Emitter-Base Voltage VEBO 


Total Device Dissipation @ Tc = 25°C 

Derate above 25°C 
Operating Junction Temperature 
Storage Temperature Range 


THERMAL CHARACTERISTICS 


.280 SOE S 
CASE 249A-01, STYLE 1 
TP5002S 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 


OFF CHARACTERISTICS 


Collector-Base Breakdown Voltage (Ic = 1 mA, IE = 0) V(BR)CBO 
Emitter-Base Breakdown Voltage (IE = 0.5 mA, Ic = 0) V(BR)EBO 
45 


Collector-Emitter Breakdown Voltage (Ic = 10 mA, Rpg = 75 Q) V(BR)CER | 4B] 
Collector Cutoff Current (Vcgp = 24 V, IE = 0) ICBO | — | — | 


ON CHARACTERISTICS 


DYNAMIC CHARACTERISTICS 


Output Capacitance (VcR = 28V, IE = 0, f = 1 MHz) | C»y | -— | — | 


FUNCTIONAL TESTS 


Common-Emitter Amplifier Power Gain 
(VcE = 23 V, Pout = 1-5.W, f = 470 MHz, Ic = 200 mA) 


Saturated Output Power (VcE = 23 V, f = 470 MHz, Ic = 200 mA) 


MOTOROLA RF DEVICE DATA 


2-1245 


TP5002, TP5002S 


TYPICAL CHARACTERISTICS 
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Figure 2. Return Loss versus Frequency 


Figure 


1. Output Power versus Input Power 
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Figure 3. Power Gain versus Frequency 
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Figure 5. Class AB 


MOTOROLA RF DEVICE DATA 


2-1246 


TP5002, TP5002S 


; +VcE 


RF | 
INPUT ‘ 
50 0 OUTPUT 


TP5002S 


C1, C6 — 220 pF 0805 681C Sprague LI1 — Microstrip Line W = 2.5 mm Z 6% Ag at 470 MHz 


=700,L = 
C2 — 8.2 pF ATC100A8R2DP50 LI2 — Microstrip Line W = 2.5 mm rs = 700, L = 3% Ag at 470 MHz 
C3 — 10 pF ATC100A100DP50 Li3 — Microstrip Line W = 2.5 mm Zp = 700, L = 5% Ag at 470 MHz 
C4, C5 — 27 pF ATC100A8R2DP50 Li4 — Microstrip Line W = 2.5 mm Zo = 700, L = 3% Ag at .470 MHz 
C7 — 10 nF 35 V ao? 
C8 — 100 uF 63 V Board Material: 1/16 In. Teflon Glass, e, = 2.55, h = 1.59 mm 
C9, C10 — 1 nF 0805 681C Sprague 
C11, C12 — 220 pF 0805 681C Sprague L1 — Hairpin wire 1.1 mm-L = 33 mm 


L2 — 4 turns, ID 2.5 mm, 0.5 mm wire 


Figure 7. 400-500 MHz Broadband Amplifier — 
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Impedance Data 
Vcc = 23 Volts 
Ic = 200 mA 
Pout = 1.5 Watts 


oO 
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= SEMICONDUCTOR 


MOTOROLA 
TECHNICAL DATA 


Advance Information | in TP5015 
The RF Line 


UHF Linear Power Transistor 


15 W — 380-512 MHz 


... designed for 24 Volt UHF large-signal common emitter amplifier applications in UHF LINEAR 
industrial and commercial FM equipment operating in the 380 to 512 MHz frequency POWER TRANSISTOR 
range, i.e., cellular radio base stations. 


® 380-512 MHz 

© 15 W — Pout | 

® 24V—Vcc | 

® High Gain — 11 dB Min, Class AB 
© Gold Metallization for Reliability 


MAXIMUM RATINGS 


Total Device Dissipation @ Tc = 70°C 
Derate above 70°C 


Storage Temperature Range -65 to +200 


THERMAL CHARACTERISTICS 


Characteristic 


Thermal Resistance, Junction to Case (Tc = 70°C) 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 


PC haracterse | Svmbot | Min | Typ | Mex (| Unit 
OFF CHARACTERISTICS 
dc 


ICER 


ON CHARACTERISTICS | — . 
[Be Current Gainig= 100mAVer= TOV, —SSS~*~“~*~‘idCSC*éaSC*dtSCS «dT Sto TC” 
DYNAMIC CHARACTERISTICS 
Output Capacitance (Vcp = 24 V, IE = 0, f = 1 MHz) . 
FUNCTIONAL TESTS 


Common-Emitter Amplifier Power Gain 
(VcE = 24 V, Poyt = 15 W, f = 470 MHz, Iq = 50 mA) 


Collector Efficiency 
(VCE = 24V, Poyt = 15 W, f = 470 MHz, Iq = 50 mA) 


This document contains information on a new product. Specifications and information herein are subject to change without notice. 


MOTOROLA RF DEVICE DATA 


2-1248 


MOTOROLA 
TECHNICAL DATA 


| ied TP5040 — 
The RF Line i ane ee 


UHEF Power Transistor 


_.. designed for 24 Volt UHF large-signal common emitter amplifier applications in | | 40 W = 380 to 512 MHz | 
industrial and commercial FM equipment operating in the 380 to 512 MHz frequency UHF POWER 
range, i.e., cellular radio base stations. . . TRANSISTOR 


® 380-512 MHz 

e 40W — Pout 

® 24V—Vcc 

® High Gain — 9 dB Min, Class AB 
@ Gold Metallization for Reliability — 


MAXIMUM RATINGS 


Emitter-Base Voltage 


Total Device Dissipation @ Tc = 70°C (Note 1) 
Derate above 70°C 


200 | 
Storage Temperature Range . —65 to +200 


Thermal Resistance, Junction to Case (Tc = 70°C) 


Note 1. These devices are designed for RF operation. The total dissipation rating applies only when the device is operated in an RF push-pull amplifier. 


ELECTRICAL CHARACTERISTICS | _ 
OFF CHARACTERISTICS (Note 1) | , ) | | ae. 
[Emir ase Breakdown Votage fe = @mAic =a | Visrieso | * 
[colt Emitr Breakiown Votags ic = 10 mA Age = 47a) | Vienicen | 


ON CHARACTERISTICS (Note 1) 


DYNAMIC CHARACTERISTICS (Note 1) | 


Output Capacitance (Vop = 28V, Ie = 0. = 1 MHz) cae ee ee ee 


Note 1. Each transistor chip measured separately. . (continued) 
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TP5040 


ELECTRICAL CHARACTERISTICS — continued 


PS CRharactonde ——SS*dC Sabot [win | te | Mex Un 


FUNCTIONAL TESTS (Note 2) 


Common-Emitter Amplifier Power Gain 
(VcE = 24V, Pout = 40 W, f = 470 MHz, Iq = 2 x 50 mA) 


Collector Efficiency 
(VcE = 24V, Pout = 40 W, f = 470 MHz, Iq = 2 x 50 mA) 


Note 2. Both transistor chips operating in push-pull amplifier. 


TYPICAL CHARACTERISTICS 
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Figure 1. Output Power versus Frequency f, FREQUENCY (MHz) 


Figure 2. Gain versus Frequency 
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Pout, OUTPUT POWER (WATTS) 
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Pi, INPUT POWER (WATTS) Figure 4. Series Equivalent Input/Load Impedances 
Figure 3. Output Power versus Input Power CONDITIONS: 
VcE = 24V 
lq = 2x 50 mA — Class AB 
Pout = 40 W 
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TP5040 


RF 
INPUT Ci Li1 RF 
Lt ‘i L2 alla co} |. 413. - ouTPUT 
. 
ae le 1H re 
IM 13 af ve 
Ci2 
C2 L12 Am ame 
19402A00090 | 
+Vcc 
C20 | C C22 | C19 24V 
D1 
1540200188 ae A A Te ij 5k 1kO 
D2 
‘L1— 500 Coaxial Cable, 20% Ag @ 470 MHz C5 — 15 pF ATC100A150DP50 Capacitor 
L2, L3 — Wire Dia. 0.6 mm, L = 5mm C6 — Trimmer 1-4 pF/Johanson 9401-4 
L4, L5 — Microstrip Line 7.5 mm 1679 ©, 1.7% Ag @ 470 MHz C8 — 12 pF ATC100A120DP50 Capacitor 
L6, L7 — Microstrip Line 7.5 mm 39 0, 1.7% Ag @ 470 MHz C9 — 1 nF Chip 0805 Sprague/Vitramon Capacitor 
L8 — Collector/Collector Inductor, 1/50” Teflon Glass , C10 — 15 nF Chip 0805 Sprague/Vitramon Capacitor 
L9, L10 — Microstrip Line 7 mm 50 2, 1.7% Ag @ 470 MHz C11, C12 — 100 pF ATC100A101KP50 Capacitor 
L11, L12 — 25 Coaxial Cable, 56 mm C13, C17, C21 — 100 pF ATC100A101KP50 Capacitor 
L13 — Balun 50 Q, 12.5% Ag @ 470 MHz C14, C16, C22 — 10 nF 0805 Sprague/Vitramon Capacitor 
Li4, L15 — 3 Turns ID 3 mm Wire 1 mm C19 — 0.1 nF 0805 Sprague/Vitramon Capacitor 
Ci, C2, C7 — 47 pF ATC100A470JP50 Capacitor _ .€18, C20 — 100 uF 40 V Capacitor 
C3 — 4.7 pF ATC100A4R7DP50 Capacitor C15 — 10 wF 63 V Capacitor 
C4 — 5.6 pF ATC100A5R6DP50 Capacitor D1, D2 — 1N4007 Diode 


T1 — BD135 Transistor 


Board Material: .020 In., Teflon Glass 


Figure 5. 380-512 MHz Broadband Test Circuit 
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MOTOROLA | st 


TECHNICAL DATA 


The RF Line _ a TP5050 
UHF Power Transistor 


... designed for 24 Volt UHF large-signal common emitter amplifier applications in 
industrial and commercial FM equipment operating in the 440 to 470 MHz frequency . | 
range, i.e., cellular radio base stations. 50 W — 470 MHz 
440-470 MHz ; UHF POWER TRANSISTOR 


50 W — Pout 

28 V—Vcc 

Rugged 

Gold Metallization for Reliability 


.500 J ZERO 
CASE 316A-01, STYLE 1 


MAXIMUM RATINGS | 


Symbol 
Collector-Emitter Voltage VcCEO 32 


Total Device Dissipation @ Tc = 70°C 
Derate above 70°C 


ELECTRICAL CHARACTERISTICS 


TS Charatarste ——SSSS«dCSymbot | Min Tp | Mex | Unit 
OFF CHARACTERISTICS | 

: 
[callectorBese Breokdown Votiage c= 80mAle =O) | Wariceo | 65 
[Emiter-Bese Breakdown Volage ie =10™mAic= 0 —_—| Wienieso | 4 
Collector-Emitter Breakdown Voltage (Ic = 50 mA, Reg = 10 2) | ViBRICER | 60 


ON CHARACTERISTICS 


DC Current Gain (ic = 5A, VcE=5V) bree | 20 | — | wo |. — | 


DYNAMIC CHARACTERISTICS 


(continued) 
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TP5050 | . Bases 


ELECTRICAL CHARACTERISTICS — continued - — ale 


Common-Emitter Amplifier Power Gain 
: (VCE = 28 V, Pout 


50 W, f = 470 Mkz, lo 


Collector Efficiency 
(VcE = 28 V, Pout 

Load Mismatch 

~ (VCE = 28 V, IQ = 100 mA, Pout = 50 W, f= 470 MHz, 
Load VSWR = 20:1, All Phase Angles) 


470 Mz, Iq 


No Degradation in: 
_ Output Power — 


TYPICAL CHARACTERISTICS 
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Figure 4. Output Power and Efficiency 


versus Frequency 


TP5050 


D1 D2 Ri | 
C12 j 
R2 cs SS c9 ii C11 
” a es af . : ‘ 
a * OUTPUT 
C4 . 500 
INPUT 2 2 | 
50 ©, L12 L13 L14 —@) 
@)-——9- a — 
. 71 Z 
D.U.T. 7 | C6 u 
C1 - C2 . es 
fa | i 7 fa (a . if 
Figure 5. 440-470 MHz Test Circuit 
C1 — 6.8 pF ATC100A : C8, C9 — 1 nF Sprague 
C2, C4, C5 — 39 pF ATC100A ; C10 — 100 nF Sprague 
C3 — 27 pF ATC100A C11 — 100 uF 63 V 
C6 — 15 pF ATC100A C12 — 4.7 uF 12 V 
C7 — 8.2 pF ATC100A : R1 — 2.2 kO R251 0 
Pi —1kO 
L11 — Microstrip Line W = 3.2mmL = 12 mm 
L12 — Microstrip Line W = 3.2 mmL = 4mm 
L13 — Microstrip Line W = 3.2 mmL = 12 mm 
L14 — Microstrip Line W = 3.2 mm L = 22 mm 
L15 — Microstrip Line W = 1.88mmL = 85 mm 


_L16 — Microstrip Line W 


8mmL = 70mm 
T2 — BD135 , 


Board Material: 1/16 Inch, Epoxy Glass, er = 4.5 
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MOTOROLA | | | Oo 
az SEMICONDUCTOR jn 
TECHNICAL DATA | | 


Advance Information TPSO6O 
The RF Line ne hehe | ~ 


UHF Linear Power Transistor 


60 W — 470 MHz 
- UHFLINEAR” 
POWER TRANSISTOR 


... designed for 24-28 Volt UHF large-signal common emitter amplifier applications in 
industrial and commercial FM equipment operating in the 430 to 470 MHz frequency ; 
range, i.e., cellular radio base stations. sy . a 


430-470 MHz 
60/50 W — Pout 
28/24 V— Vcc 


Push-Pull Package 
Gold Metallization for Reliability 
Guaranteed Ruggedness at Rated Pg 


CASE 827-01, STYLE 1 


MAXIMUM RATINGS 


Emitter-Base Voltage 


Total Device Dissipation @ Tc = 70°C (Note 1) 
Derate above 70°C 


ELECTRICAL CHARACTERISTICS 


[haractare—SSCS~*~*~*~rC tn | To | Me 


OFF CHARACTERISTICS (Note 2) 


ON CHARACTERISTICS (Note 2) 


DYNAMIC CHARACTERISTICS (Note 2) 


Notes: 1. These devices are designed for RF operation. The total dissipation rating applies only when the devices are operated (continued) 
as RF push-pull amplifiers. 
2. Each transistor chip measured separately. 


This document contains information on a new product. Specifications and information herein are subject to change without notice. 
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ELECTRICAL CHARACTERISTICS — continued 


Characteristic - 
FUNCTIONAL TESTS (Note 1) 


Common-Emitter Amplifier Power Gain 
(VcE = 28 V, Pout = 60 W, f = 470 MHz, Iq = 2 x 100 a 


Common-Emitter Amplifier Power Gain 
(VcE = 24 V, Pout = 50 W, f = 470 MHz, la = = 2x 100 er 


Collector Efficiency 
(VcE = 28 V, Poyt = 60 W, f = 470 MHz, igi = 2x 100 mA) 


Load Mismatch 
(VCE = 28 V, Poyt = 60 W, f = 470 MHz, 
Load VSWR = 25:1, All Phase Angles) 


No Degradation in 
Output Power 


Note 1. Both transistor chips operating in push-pull amplifier. 


MOTOROLA RF DEVICE DATA 


2-1256 


MOTOROLA 
@ SEMICONDUCTOR @ 
TECHNICAL DATA 


a TPss28 
The RFLine TP8828F 


VHF Power Transistors 


The TP8828/F has been specifically designed and characterized for 12.5 V operation in 10 W — 175 MHz 
175 MHz amplifiers. ~ VHF POWER 

It can be operated under Class B or C and is able to withstand infinite VSWR at all TRANSISTORS 
phase angles at rated output power. 
@ 175 MHz 
®10W — Pout 


e 12.5V—Vcc 
® High Gain — 11 dB Min 


MAXIMUM RATINGS 


[CRating ——SSSSSS*d?C bt | Value | Ue 
“owwsomare | oe | Wee 
Derate above 25°C 0.29 wc 
Operating Junction Temperature 
=65t0 +200) °C 

THERMAL CHARACTERISTICS 
-—Characteise ——=SSSS*d;CSmbt Mex | unit || case atten sTHLE 


.380 SOE 
CASE 145D-01, STYLE 1 
TP8828 


Symbol | Min | tye [| Max | unit | 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage (Ic = 50 mA, Ip = 0) | vericceo | 16 | — | — | va | 
Collector-Base Breakdown Voltage (Ic =. 50 mA, IE = 0) | vercso | 36 | — | — | vde | 
Emitter-Base Breakdown Voltage (IE = 5 mA, Ic = 0) | vereso| 4 | — | = | va | 
Collector Cutoff Current (Vcgp = 15 V, IE = 0) oe ee en ee ee ee 


ON CHARACTERISTICS 


DYNAMIC CHARACTERISTICS 
FUNCTIONAL TESTS -s 


Common-Emitter Amplifier Power Gain GpE 11.1 
(VCE = 12.5 V, Pout = 9 W, f = 175 MHz) 
| i 


Load Mismatch No Dearadations 
(VcE = 12.5 V, Pout = 9 W, f = 175 MHz, : o Degradation in 


Load VSWR = 0:1, All Phase Angles) OuIpuL rower 
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~ MOTOROLA 


m= SEMICONDUCTOR s& 
TECHNICAL DATA 


| | TP9380 
The RF Line 


VHE Power Transistor 


... designed for use in the new generation of VHF-FM broadcast transmitters operating 75 W to 108 MHz 

from a 28 V supply in Class A, B or C. | VHF POWER 
Its construction, which now incorporates gold metallization and diffused ballast resis- - TRANSISTOR 

tors, ensures a long operational life even when run at its maximum ratings. 


108 MHz 

75 W _ Pout 

28V—Vcc 

High Gain — 11 dB, Class C 

Gold Metallization for Improved Reliability 
Diffused Emitter Ballast Resistors for Ruggedness 


.500 SOE F 
CASE 211-11, STYLE 1 


MAXIMUM RATINGS 


Rating 
[| CollectorBaseVotage | cp 
a ee 


a 
Derate above 70°C 0.67 w/°C 


THERMAL CHARACTERISTICS 


ELECTRICAL CHARACTERISTICS 


OFF CHARACTERISTICS 
colestoémiter Beskiown Vokage ic ="0mAlg= 0) | Waniceo |= | — [= | ve 
colector Bese Breakdown Vonage ic = mate = 0 | Vieniceo |e 

pec el 


Collector-Emitter Breakdown Voltage (Ic = 50 mA, Ree = 10 2) V(BR)CER 
ON CHARACTERISTICS | 


[Oc Curent Gainic=tAVer=sSSC«dYCe «YS dC 


DYNAMIC CHARACTERISTICS 


Output Capacitance (Veg = 30 V, le = 0, f = 1 Mia ae ee ee ee 
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TP9380 


ELECTRICAL CHARACTERISTICS — continued 


Characteristic 


FUNCTIONAL TESTS 


Pout, OUTPUT POWER (WATTS) 


Common-Emitter Amplifier Power Gain 
(VcE = 28 V, Pout = 75 W, f = 108 MHz) 


Collector Efficiency (VcE 


Load Mismatch 
(VcE = 28 V, Pout = 75 W, f = 108 MHz, 
Load VSWR = 4:1, All Phase Angles) 


100 


80 | 


60 | 


40 | 


20 


0 1 2 3 4 5 6 7 


Pin, INPUT POWER (WATTS| 


= 28 V, Poyt = 75 W, f = 108 MHz) 


8 g 1 


Figure 1. Power Output versus Power Input 


Rin, INPUT RESISTANCE (OHMS) 
Xin, INPUT REACTANCE (OHMS) 


100 
f, FREQUENCY (MHz) 


Figure 3. Series Input Impedance versus Frequency 


C13 


Figure 5. 88-108 MHz Narrowband Test Fixture 


MOTOROLA RF DEVICE DATA 


2-1259° 


No Degradation in 
Output Power 


MTTF FACTOR (HRS. x AMP2} 


70 110 150 190 


Ty, JUNCTION TEMPERATURE (°C) 


Figure 2. MTTF Factor versus 


: Junction Temperature 


Note: Divide by Ic2 to obtain metal 
lifetime in hours 


| VcE = 28V 


R,, LOAD RESISTANCE (OHMS) 
X_, LOAD REACTANCE (OHMS) 


f, FREQUENCY (MHz) 
Figure 4. Series Load Impedance versus Frequency © 


C1 — Arco 425 Variable capacitor (24-200 pF) 
C2 — Arco 425 Variable capacitor (24-200 pF) 
C3 — 60 pF UNELCO 
C4 — 60 pF UNELCO (108 MHz) 
100 pF UNELCO (88 MHz) 
C5 — 330 pF chip capacitor (closed to the transistor) 
C6 — 330 pF chip capacitor (closed to the transistor) 
C7 — 40 pF UNELCO 
C8 — 40 pF UNELCO (108 MHz) 
80 pF UNELCO (88 MHz) 
C9 — Arco 423 Variable capacitor (7-100 pF) 
C10 — Arco 425 Variable capacitor (24-200 pF} 
C11 — 1000 pF UNELCO 
C12 — 1000 pF UNELCO 
C13 — 0.1 uF disc capacitor 
C14 — 100 »F/40 V capacitor 
C15 — 10 nF disc capacitor 


L1— 3 turns ID = 6 mm 1 mm wire 

L2 — « Hair pin » made with a 1.4 mm wire L = 15 mm 

L3 — « Hair pin » made with a 2 mm wire L = 20 mm for 108 MHz 
« Hair pin » made with a 2 mm wire L = 30 mm for 88 MHz 

L4— 3 turns ID = 8 mm 1.4 mm wire 

L5 — 0.7 wH choke 

L6 — 6 turns ID = 6 mm 1.2 mm wire 

L7 — 4 turns 1.2 mm wire on ferrite 


L= 15mm 


MOTOROLA 


aa SEMICONDUCTOR 2 
TECHNICAL DATA 


TP9383 
The RF Line 


VHF Power Transistor 


... designed for use in the new generation of VHF-FM broadcast transmitters operating 150 W — 108 MHz 

from a 28 V supply in Ciass A, B or C. VHF POWER 
Its construction, which now incorporates gold metallization and diffused ballast resis- TRANSISTOR 

tors, ensures a long operational life even when run at its maximum ratings. 

® 108 MHz 

@ 150 W — Pout 

® 28V—Vcc 


@ High Gain — 10 dB Typ 
e Gold Metallization for Reliability 
@ Diffused Emitter Ballast Resistors for Ruggedness 


.500 SOE F 
CASE 211-11, STYLE 1 


MAXIMUM RATINGS . 
rating Sy mbt 
r 
Total Device Dissipation @ Tc = 25°C coe 150 
Derate above 70°C 1 w/c 


THERMAL CHARACTERISTICS 


Tstg 


Thermal Resistance, Junction to Case (Tc = 70°C) Rese 1 


ELECTRICAL CHARACTERISTICS 


OFF CHARACTERISTICS | 
Collector-Emitter Breakdown Voltage (Ic = 100 mA, Ip = 0) V(BR)CEO a ee 
Collector-Base Breakdown Voltage (Ic = 100 mA, IE = 0) Visricso | 6 | — | — |. Vde | 
aa ee oe 


Emitter-Base Breakdown Voltage (IE = 20 mA, Ic = 0) V(BR)EBO Pay = 
eee ee ee 


25 
Collector-Emitter Breakdown Voltage (lc = 100 mA, Rpg = 10 0) V(BR)CER 55 


ON CHARACTERISTICS 


DYNAMIC CHARACTERISTICS . 


(continued) 


MOTOROLA RF DEVICE DATA 


2-1260 


TP9383 


ELECTRICAL CHARACTERISTICS — continued 


FUNCTIONAL TESTS a 


Common-Emitter Amplifier Power Gain 
(VcE = 28 V, Pout = 150 W, f = 108 MHz) 


Collector Efficiency (VcE = 28 V, Poyt = 150 W, f = 108 MHz) 


Load Mismatch 
(VcE = 28 V, Pout = 150 W, f = 108 MHz, 
Load VSWR = 4:1, All Phase Angles) 
(VcE = 28 V, Pout = 100 W, f = 108 MHz, 
Load VSWR = 0:1, All Phase Angles) 


No Degradation in 
- Output Power 


TYPICAL CHARACTERISTICS 


2 | 
Ee 
<< ea 
= . @ 
i 4 = 
5 A * 
= fa Z = 
oO. oc 
5 fae S 
ie) 
Z ES i 2 
0S 3 E 
es Ez = 
10 20 30 
Pi, INPUT POWER (WATTS) 70 110 150 190 
. TEMPERATURE (°C 
Figure 1. Output Power versus Input Power TNCH oe 
Figure 2. MTTF Factor versus Junction Temperature 
NOTE: Divide by Ic? to obtain metal 
lifetime in hours 
g g 2 2 
x= <= 5 >) 
fo) 2 = ane 
= =< uw 
> Zz = < 
< < = - 
fas Oo 
D Q nD 4 
_ =a nw Lu 
ef re oc oa 
= = Q 2 
> = S 9 
a Pad = = 
= = 3 no) 
= = 3 S 
c= >< = < 
f, FREQUENCY (MHz) f, FREQUENCY (MHz) - 
Figure 3. Series Input Impedance versus Frequency Figure 4. Series Load Impedance versus Frequency 
C1 — Arco 425 Variable capacitor 24-200 pF 
C2 — Arco 425 
C3 — 150 pF UNELCO 
Lg +Vcc C4 — 470 pF Chip capacitor (very close to the transistor) ATC 
> >» a C5 — 470 pF Chip capacitor (very close to the transistor) ATC 
(Uh Wh Wes C6 — 300 pF UNELCO 
C10 C11 «C12 C13 C7 — ARCO 425 
C8 — ARCO 425 
C9 — 1000 pF UNELCO 
\ OUT C10 — 1000 pF UNELCO 
’ 500 C11 — 10000 pF 
y C12 — 0.1 uF 


C13 — 100 uF/40 V electrolytic 


L1— 3 turns 6 mm ID 1.2 mm wire 
L2 — 2 cm wire 1.2 mm OQ (hair pin) 
L3 — 1.2 cm wire 1.2 mm OQ (hair pin) 
L4 — 3 turns 6 mm ID 1.2 mm wire 
Figure 5. 108 MHz Test Circuit L5 — 6 turns 8 mm ID 1.5 mm wire 

L6 — 6 turns 1.5 mm wire on ferrite core 
L7 — 10 pF choke 


MOTOROLA RF DEVICE DATA 


2-1261 


MOTOROLA 


a2 SEMICONDUCTOR 
TECHNICAL DATA 


TP9386 


The RF Line 
VHE Power Transistor 


. designed for use in VHF transmitters. Operation is in Class A, B or C from a 28 V 
supply. 


150 W — 175 MHz 


Construction, which now incorporates gold metallization and diffused ballast resistors, Ballagh det 
ensures a long operational life even when run at its maximum ratings. 

100-175 MHz 

28 V—'Vcc 


High Gain — 10 dB Min @ f = 175 MHz 
Gold Metallization for Reliability 
Diffused Emitter Ballast Resistors for Ruggedness 


.500 J ZERO 
CASE 316A-01, STYLE 1 


MAXIMUM RATINGS 


Collector Current — Continuous 


Total Device Dissipation @ Tc = 25°C 
Derate above 70°C 


0 
aE TM eS ed Ge oe 
THERMAL CHARACTERISTICS 

cae oma 


ELECTRICAL CHARACTERISTICS 


[Character ——SSSSS~*~dSCS mbt ‘| Mn | te | Mex [Unt 
OFF CHARACTERISTICS 

"allectorémiver Breakdown Varage(ic=80mA'e=0 | Wanceo | 9 | — | — | va _| 
Collector-Base Breakdown Voltage (Ic = 50 mA, IE = 0) | Viprycpo | 88 | CS 
[EmiterSese Breakdown Votege le = 0mAtc=0) | Weneso | _¢ | — | — | va 
Collector-Emitter Breakdown Voltage (Ic = 50 mA, Rpg = 10 2) | Werycer | 62 | — | — | Vdc | 


ON CHARACTERISTICS 


DYNAMIC CHARACTERISTICS 
FUNCTIONAL TESTS 


Common-Emitter Amplifier Power Gain . 
(VcE = 28 V, Pout = 150 W, f = 175 MHz, Ig = 50 mA) 


Collector Efficiency 
(VcE = 28 V, Pout = 150 W, f = 175 MHz, Iq = 50 mA) 


MOTOROLA RF DEVICE DATA 


2-1262 


TP9386 
TYPICAL CHARACTERISTICS 


200 


El ee ie 
Sen easee ae hn 
i a se 
AR Vee ee ees 
i a, 
2t7 ce Rak erees 
ioe ea ee: 
ot ZL Et tt ve =v 
ss Oe al a 
Aare ese ReRes 
0 24 


160 


120 


80 


Pout, OUTPUT POWER (WATTS) 
le, COLLECTOR CURRENT (AMPS) 


0 
4 8 12 16 20 0 5 1 1 20 2% 30 35 
Pin, INPUT POWER (WATTS) | ae Vce, COLLECTOR-EMITTER VOLTAGE (VOLTS) 


Figure 1. Output Power versus Input Power Figure 2. DC Safe Operating Area 
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ed 
Zz 


Yd & > o 
oy: a 
4Ac¢ od YP 
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iy. oS 
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\ “fay x > 
0.1 i te Sq 9g oy ae 
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i i ‘ Ny ¢ x 
c f 
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Conditions 
VcE = 28 V, lq = 50 mA, Pout = 150 W 


ill 


100 0.43 + j0.65 2.88 — j1.13 
145 0.40 + j0.7 2.88 — j1.22 
175 0.29 + j0.87 3.16 — j1.39 


Figure 3. Series Equivalent Input/Output Impedances 


MOTOROLA RF DEVICE DATA 


2-1263 


irPyIGO 


cil? cia cis. «18 C14 C15 C16 


0+Vcc 


L6 


N | C3 C5 y\ 13 Ld “Cg 


a1 
| wo, | ~ +Vec 
C17 = we 3 R | 


C1, C2 — ARCO 403 

C3 — 30 pF 

C4 — ARCO 404 

C5, C6 — 80 pF 

C7, C8 — 100 pF 

C9, C10 — ARCO 425 (24-200 pF) 
C11, C12, C14, C17 — 1000 pF 
C13, C15, C18 — 10 nF 

C16, C19 — 47 pF 


L1— 2 turns, 6 8 mm 1 mm wire 

L2 — Hair pin, Copper foil 15 x 3 mm, 0.3 mm thick 
L3 — Hair pin, Copper foil 12 x 5 mm, 0.3 mm thick 
L4 — 3 turns, ¢ 5 mm, 1.5 mm wire 

L5 — 10 turns, @ 5 mm, 0.5 mm wire 

L6 — 3 turns, @ 6 mm, 1.5 mm wire 

L7 — 3 turns, @ 6 mm, 1.5 mm wire 

L8 — 10 turns, 1 mm wire on core (ui = 120) 


R—1.5 1/2 W 
P—5 kO 

D1, D2 — 1N4007 
Q1 — BD135 


Figure 4. 175 MHz Test Fixture 


MOTOROLA RF DEVICE DATA 


2-1264 


MOTOROLA 
mx SEMICONDUCTOR om 
TECHNICAL DATA — 


Advance Information TP9390 | 


The RF Line 
VHE Power Transistor : 
250 W — 108 MHz 
. designed. for use in VHF-FM transmitters operating from a 24 or 28 Volt supply. Gold _ _ VHF POWER ad 
metallization, diffused emitter ballast resistors and push-pull package technology are — TRANSISTOR — 
_ combined to provide reliability and ruggedness. ee we a va 
-e 88-108 MHz 
@ 28V—Vcc 


® High Gain — 11 dB Min @ 108 MHz 
® Gold Metallization for Reliability 
@ Push-Pull Package 


MAXIMUM RATINGS 


Total Device Dissipation @ Tc = 25°C (Note 1) 
Derate above 25°C 


Operating Junction Temperature ae 
Storage Temperature Range a We See | . 


THERMAL CHARACTERISTICS 


Characteristic 


Thermal Resistance, Junction to Case (Tc = 70°C) 


Note 1. These devices are designed for RF operation. The total dissipation rating applies only when the device is operated in an RF push-pull amplifier. 
ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 
es a 
OFF CHARACTERISTICS (Note 1) . 
[Colector miter Breakdown Vatege fe = 700 mA l= 0 | Wemceo | | — [=| vee 
Collector-Base Breakdown Voltage (Ic = 200 mA, oe = 0). | Viprycpo | 60 | | de 
a 


ON CHARACTERISTICS (Note 1) 
DC Current Gain (Ic = 2A, VCE : = 5 V) 
DYNAMIC CHARACTERISTICS (Note 1) 


FUNCTIONAL TESTS (Note 2) 


Common-Emitter Amplifier Power Gain 
(VcE = 28 V, Pout = 250 W, f = 108 MHz) 


Collector Efficiency (VcE = 28 V, Pout = 250 W, f = 108 MHz) 


Notes: 1. Each transistor chip measured separately. 
2. Both transistor chips operating in a push-pull amplifier. 


This document contains information on a new product. Specifications and information herein are subject to change without notice. 


MOTOROLA RF DEVICE DATA 


2-1265 


MOTOROLA | 


SEMICONDUCTOR 
TECHNICAL DATA 


| | TPA0O102-130 
The RF Line 


VHF Power Transistor 


... designed primarily for wideband, large-signal output and driver amplifier stages in | 9 dB 

the 30 to 200 MHz frequency range. | | 30-200 MHz 

@ Designed for Class AB Linear Power Amplifiers . . 130 WATTS . 

® Specified 28 Volt, 162 MHz Characteristics: BROADBAND 
Output Power — 130 Watts VHF POWER 


Power Gain — 9 dB Min, Class AB TRANSISTOR 
Collector Efficiency — 60% Typ 
@ Push-Pull Package Construction 
@ Gold Metallization for Improved Reliability . 
e Diffused Ballast Resistors ES? 
HLP-50_ 
CASE 390-01, STYLE 1 


MAXIMUM RATINGS ie: 


THERMAL CHARACTERISTICS : 
SCR SSSCS~*~dCS kt | 


Thermal Resistance, Junction to Case R@Jc 


ELECTRICAL CHARACTERISTICS < 
Character «dC mbt | Min | Ty Mex [Une 
OFF CHARACTERISTICS (Note 1) . _— = 
Colletortmiver Breakdown Volege (g=F0mAig=0 | Venceo | | — | — | ve 
[Collectortmiter Breokdown Vole (c= 50mA Vee =O | Menices | | — | — | va 
Collector-Base Breakdown Voltage (ic = 50 mA, lE = 0) | | Vprcpo | 6 | — | — | Vac | 
miter Base Breakdown Volioge ie =SmAic= 0) | Wemieso | _¢ | — | — | vee | 
[cotector Guo CunentiVee = 25VVee=0 «| _itces «| | | me 


ON CHARACTERISTICS (Note 1) - 


DYNAMIC CHARACTERISTICS (Note 1). 


Output Capacitance (Vcp = 28 V, IE = 0, f = 1 MHz) 


Note 1. Each transistor chip measured separately. “s (continued) 


MOTOROLA RF DEVICE DATA 


2-1266 


TPA0102-130 


ELECTRICAL CHARACTERISTICS — continued 
ase Characteristic 
FUNCTIONAL TESTS (Note 2) | 


Common-Emitter Amplifier Power Gain 
(VcE = 28 V, Poyt = 130 W, f = 162 MHz, ICQ = 2 x 120 mA) 
Collector Efficiency | | Lene 
(VcE = 28 V, Pout = 130 W, f = 162 MHz, IcQ = 2 x 120 mA) 


Load Mismatch oe 2 ee ak 
t 
(Voce = 28V, Pout = 130 W, f = 100 MHz, mal 3 : Cae 
Load VSWR = 5:1, All Phase Angles) : 


Saturated Output Power (VcE = 28 V, f = 162 MHz) | 


Note 2. Both transistor chips operating in push-pull amplifier. 


TYPICAL CHARACTERISTICS 


Vcc = 28V 
Po = 130W 
_ ONE SIDE ONLY 


Zin, SERIES INPUT IMPEDANCE (OHMS) 
Zt oad: SERIES LOAD IMPEDANCE (OHMS) 


o= 
NE SIDE ONLY 
f, FREQUENCY (MHz) f, FREQUENCY (MHz) 
Figure 1. Input Impedance versus Frequency Figure 2. Load Impedance versus Frequency 


MOTOROLA RF DEVICE DATA 


2-1267 


MOTOROLA 


= SEMICONDUCTOR && 


TECHNICAL DATA 


The RF Line 4 | | | _ TPM401 
UHF Power Transistor 


. designed as an NPN gold metallized transistor using diffused emitter ballast resistors 
for operation in Class A, B or C conditions. 41 W — 400 MHz 
The high gain reduces the need for complex broadband circuits and is ideally suited UHF POWER TRANSISTOR 


for 100-400 MHz broadband amplifier applications. 


100-400 MHz 
280 SOE 


1 W =o, Pout 
CASE 244C-01, STYLE 1 


20 V— Vcc . 

High Gain — 13 dB Min @ f = 400 MHz 

Diffused Emitter Ballast Resistors for Ruggedness 
Gold Metallization for Reliability 


MAXIMUM RATINGS ~ 


Emiitter- Base Voltage 


Collector Current — Continuous 


Total Device Dissipation @ Te = = | 25°C 
Derate above 25°C 


Operating Junction Temperature 
Storage Temperature Range —65 to +200 a 


THERMAL CHARACTERISTICS 


Thermal Resistance, Junction to Case (Tease = 70°C) aa a 


ELECTRICAL CHARACTERISTICS 


OFF CHARACTERISTICS 

ols bem ose =@wAie= =| vaneo [a [=| [ve 

[cototrsasBakion votes fe= mA te=@ | Wameso [a6 [= 

ee el 
Gollactaremitiar Breakdown Voltage (Ic = 20 mA, Ree = 10 2) ene 

a Ll OR 


ON CHARACTERISTICS 


DYNAMIC CHARACTERISTICS _ 


(continued) 


"MOTOROLA RE DEVICE DATA 


2-1268 


TPM401 


ELECTRICAL CHARACTERISTICS — continued , | a 
Charatoste———SSSSS*dtSCS ft | in| ve | Me | Ue 
FUNCTIONAL TESTS 


Common-Emitter Amplifier Power Gain — Class A 
(VcE = 20 V, Pout = 0.5 W, f = 400 MHz, IE = 200 mA) 


Load Mismatch 
(VcE = 20 V, Pout = 1 W, Ic = 220 mA, f = 400 MHz, 


‘No Degradation in 


Load VSWR = 00:1, All Phase Angles) Output Power 


Saturated Output Power — Class A 
(f = 400 MHz, VcE = 20 V, IE = 200 mA) 


Cutoff Frequency (VcgE = 20 V, le = 200 mA) 


VcE = 20 V— Ic = 200 mA — Class A 


POLAR S-PARAMETERS IN 50 OHM SYSTEM 


| 100 MHz | | . | 90° 
200 MHz ; | | 4920 


—- 137° 
— 138° 


100-400 MHz AMPLIFIER PERFORMANCE 
Class A 20 V 200 mA 


ie as ad 
— 
Sd rnc 
a a 
sei ara 


f, FREQUENCY (MHz) f, ae (MHz) 


SMALL SIGNAL GAIN (dB) 
RETURN LOSS (dB) 


Figure 1. Small Signal Gain Variation Figure 2. Input and Output VSWR 


MOTOROLA RF DEVICE DATA 


2-1269 


TPM401 


Pout, OUTPUT POWER (WATTS) 


Vce = 20V, lc = 200 mA 


50 100 150 ~=—S«00 
Pin, INPUT POWER (mW) 


Figure 3. Output Power versus Input Power 


C1 — 1-9 pF variable RTC Ri 

C2 — 8.2 pF RTC C 330 

C3 — 2 x 2.2 pF RTC C 632 

C4 — 10 nF RTC C 331 Xe 
C5, C10 — 1 nF C 331 C, 

C6, C9 — 1 nF by-pass 

C7, C8 — 10 nF 25V 


R1 — 15 © carbon composition 
R2 — 300 1 carbon composition 
R3 — 4x3.90 1/4W 


Cle JM $ 5mm wire 5/10 mm Carbon composition 


55 mm 


L2 — 4turns ID 4 mm wire 5/10 mm 


L3, L4 — choke 


Figure 4. 1 W — 100-400 MHz Class A Amplifier 


V supply 


R1— 1101/2 W 


R2 — 500 
R3 — 220 0 
R4 — 4.7 kO 
R5 — 220, 


Figure 5. Bias Circuit 


MOTOROLA RF DEVICE DATA 


2-1270 


MOTOROLA 
= SEMICONDUCTOR sammm 
TECHNICAL DATA 


The RF Line a | TPM405 
UHF Power Transistor | 


... designed as an NPN gold metallized transistor using diffused emitter ballast resistors 
for operation in Class A, AB and C. 


High gain reduces the complexity of the broadband stages and make the TPM405 ideal 5 W — 400 MHz 
for 100-400 MHz applications. | UHF POWER TRANSISTOR 


A 100-400 MHz push-pull amplifier is described in the two last pages of this data 


sheet. 
400 MHz 
.280 SOE 
CASE 244C-01, STYLE 1 


5 WwW mg Pout 

High Gain — 16 dB Min @ f = 400 MHz 

Diffused Emitter Ballast Resistors for Ruggedness 
Gold Metallization for Reliability 


MAXIMUM RATINGS 


ELECTRICAL CHARACTERISTICS 


OFF CHARACTERISTICS 


ON CHARACTERISTICS 


DC Current Gain (ic = 200 mA, Vop = VI ee ee 


DYNAMIC CHARACTERISTICS 


Output Capacitance (VoR = 24, Ie = 0, f = 1 MHz) ae ae ee ee ee ee 


(continued) 


MOTOROLA RF DEVICE DATA 


2-1271 


TPM405 


ELECTRICAL CHARACTERISTICS — continued 


FUNCTIONAL TESTS 


Common-Emitter Amplifier Power Gain — Class AB 
(VcE = 24V, Pout = 5 W, f = 400 MHz, Iq = 50 mA) 


- Collector Efficiency 
(VcE = 24V, Pout = 5 W, f = 400 MHz, Iq 


Load Mismatch ise 
(VCE = 24 V, Pout = 3 W, f = 400 MHz, lo ’ saad ‘ 
Load VSWR = 0:1, All Phase Angles) P 


Saturated Output Power (VceE = 24 V, f = 400 MHz, Ig = 50 mA) 


CLASS A - Vcg = 20 V - Ik = 440 mA - Small Signal 


POLAR S-PARAMETERS IN 50 OHM SYSTEM 


300 MHz {| 0.907 me 
400 MHz] 0.902 | 4s 


Large Signal impedances 


Class AB lo =50mA Fo = 400 MHz 
Pou = 5 W Veg = 20 V 


(1,5 —J1) ohm (15,5 — J 21,4) ohm 


MOTOROLA RF DEVICE DATA 


2-1272 


TPM405 


PUSH-PULL PERFORMANCE 


+2 


= van 
banca Pin = 800 mW Vce = 20 VOLTS 


100 MHz 400 MHz 02 O04 O06 O8 1 ie 4A 
P:,, INPUT POWER (WATTS) 


+1 


Fy = 400 MHz 


Pout, OUTPUT POWER (WATTS) 


RELATIVE OUTPUT POWER (dB) 


Vce = 20 VOLTS 
IQ = 2x 25mA 


Figure 1. Output Power versus Frequency Figure 2. Output Power versus Input Power 


RETURN LOSS (dB) 


f, FREQUENCY (MHz) 


Figure 3. Input Return Loss 


MOTOROLA RF DEVICE DATA 


2-1273 


TPM405 


N 


00 mm 
iN 50 Q 


OUT 


- RG 188 A/U 


1 N 4007 


aaa aes are + 20 volts 


220 2 
2W 


+ 20 volts 


Li — 1/2 turn J\ Ga 5mm 5/10 mm 
5mm 

L2 — 6 turns @ 3 mm 5/10 mm 

L3 — 25 2 line 2% Ag at 400 MHz 

L4 — Moiled coil 0.47 uF 

L5 — Moiled coil 4.7 wH 

L6 — 17 turns @ 3 mm 5/10 mm 


C1 — 27 pF C 300 RTC with 12 mm leads 

C2, C7 — 10 nF chip 

C3 — 27 pF ATC 100A 

C4—2x 1.3 pF ATC 100A 

C6, C10 — 10 nF RTC C 331 

C8,C9—1nF + 10 nF + 0.1 uF + 10 wF decoupling 


R1 — 10 2 1/4 W carbon 


R2 — 4x 10 1/4 W carbon 
R3, R4 — 300 2 1/4 W carbon 


Figure 4. Push-Pull Amplifier 100-400 MHz 


MOTOROLA RF DEVICE DATA 


2-1274 


MOTOROLA 


= SEMICONDUCTOR mum 
TECHNICAL DATA 


The RF Line : | TPM425 
UHF Power Transistor | | | 


... designed for use in 100-400 MHz broadband amplifiers. | 
Construction utilizes the new standard, gold metallization and diffused emitter ballast 
resistors, allowing Class A, B or C operation and a high degree of ruggedness. 


400 MHz 

25 W — Pout 

24V—Vcc 

High Gain — 9 dB 

Diffused Emitter Ballast Resistors for Ruggedness 
Gold Metallization for Reliability 


25 W — 400 MHz 
UHF POWER TRANSISTOR 


.280 SOE 
CASE 244C-01, STYLE 1 


MAXIMUM RATINGS 


200 
— 65 to + 200 


THERMAL CHARACTERISTICS 


Thermal Resistance, Junction to Case R@Jc Ie 


ELECTRICAL CHARACTERISTICS 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage (Ic = 20 mA, lp = 0) V(BR)CEO a ee ee 
Collector-Base Breakdown Voltage (ic = 10 mA, IE = 0) V(BR)CBO | 45 | UT de 
Emitter-Base Breakdown Voltage (iE = 3 mA, Ic = 0) | . V(BR)EBO Poa | = [| = | vac | 


ON CHARACTERISTICS 


[DC Current Gain lc = 600mAVce=20V) |e | tO] = T 


DYNAMIC CHARACTERISTICS 


Output Capacitance (Vcp = 24 V, IE = 0, f = 1 MHz) 


FUNCTIONAL TESTS 


Common-Emitter Amplifier Power Out 
(VcE = 24V, Pin = 3 W, f = 400 MHz) 


Collector Efficiency (VcE = 24 V, Poyt = 25 W, f = 400 MHz) 


Tet ten 


a ee ee ee ee 


MOTOROLA RF DEVICE DATA 


2-1275 


TPM425 


Fo = 400 MHz 


50 ohm 


L1 — 50 ohm line 

L2 — 22 ohm line 3% Ag at 400 MHz 
L3 — 30 ohm line 0.5% Ag at 400 MHz 
L4 — 30 ohm line 1% Ag at 400 MHz 
L5 — 50 ohm line 5.5% Ag at 400 MHz 
L6 — 50 ohm line 3.5% Ag at 400 MHz 


L7 — 2 turns — ID 7 mm — wire 1 mm 
L8 — 0.68 wH — Molded — RFC 


C1, C2 — 18 pF — ATC — 100A 

C3, C4 — 10 pF — ATC — 100 A 

C5 — AT 5501 — 1-20 pF — Tekelec 

C6, C7 — AT 5601 — 1-30 pF — Tekelec 

C8, C9 — 1 nF 

C10 —1nF + 10 nF + 0.1 uF + 10 wF Decoupling 


Figure 1. Test Circuit 


POLAR S-PARAMETERS 50 OHM SYSTEM 


S 11 


_ Magn Angl° 


MOTOROLA RF DEVICE DATA 


2-1276 


MOTOROLA 


Ls SEMICONDUCTOR 
TECHNICAL DATA - 


The RF Line ok Be 7 a fee 7 | TPM4040 
UHF Power Transistor | | 


The TPM4040 is an jaternally matched transistor ina Suche -pull sicicay specially.” 
designed for multi-octave bandwidth high gain and power applications. Its internal. | 40 W — 400 MHz 
matching and package configuration lead to high input and output impedances. ——_ oo UHF POWER TRANSISTOR 

Multi-cell die design and ultra thin beryllium oxide header allow optimum heat dissi- } 
pation and operating efficiency. Long term reliability and ruggedness are guaranteed by 
use of diffused silicon ballast resistors and gold metallization. : 


30-400 MHz 

40 W — Pout 

28 V—Vcc 

Gold Metallization for Reliability 

Push-Pull Transistor . . 
Diffused Emitter Ballast Resistors for Ruggedness - 


MAXIMUM RATINGS 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C (Tease = 70°C) 


Operating Junction Temperature 

Storage Temperature Range , : os 
THERMAL CHARACTERISTICS | | 
Se a [a 
A 


ELECTRICAL CHARACTERISTICS 


. Characteristic 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage lic = 40 mA, . = 0) Vence eae te Ee) SE Le 
Collector-Base Breakdown Voltage (Ic = 20 mA, IE = 0) V(BR)CBO ee eee 
Emitter-Base Breakdown Voltage (IE = 6 mA, Ic = 0) a V(BR)EBO a ee ee 


ON CHARACTERISTICS 


DYNAMIC CHARACTERISTICS 


FUNCTIONAL TESTS 


Common-Emitter Amplifier Power Gain 
(VCE = 28V, Pout = 40 W, f = 400 MHz) 


Collector Efficiency (Vcc = 28 V, Pout = 40 W, f = 400 MHz) 


Load Mismatch 


(Pout = 40 W, Icg = 2x 50 mA, f = 400 Mhz, No Dearadauenin 


Output Power 


Load VSWR = ©o:1, All Phase Angles) 


- MOTOROLA RF DEVICE DATA _ 


22-1277 


TPM4040 


ae cis C16 cg Cas C24. 
p-—0 VCC 
og EO? PEE de [tet ie tit 


YZ Di > C25 bo. L12 
_ D2 L10 & Le 
L2 at ae ee 
ld R3\2:, A 
C1 L1 C6 ‘ 
‘ 
7) eS © oa a 
aa ees 7 hy fo : 
C2 ; , 
: : : : ; t 
C3 a cig —+—[~__] 5 
3 | L5 Rad al 
Lil + C26 
TPM4040 
eG az C19 
C1, C6, C1 2— 39 pF chip capacitor L1, L9 — 100 mm, 50 ohms teflon coaxial cable R1 — 1.2 k ohms 1/2 W 
C2 — 3.9 pF chip capacitor L2, L3 — hair pin L = 17 mm, 0.8 mm wire ». R2— 15 ohms 1/2 W 
C3, C10, C15, C18, C21, C23 — 1000 pF chip capacitor L4,L5— 6 mmx 3mm line on substrate R3, R4 — 1k ohms 1/4 W 
C4, C11, C16, C19, C22, C24 — 15 nF chip capacitor L6, L8 — hair pin L = 12 mm, 0.8 mm wire . 
C5 — 22 pF chip capacitor L7 — 3 turns @ 5 mm, 0.8 mm wire D1, D2 — 1N4007 or equivalent 
€7 — 68 pF chip capacitor L10, L11, L12 — 15 turns @ 3 mm 0.5 mm Sianeisay wire 
C8 — 15 pF chip capacitor L13 — 6 turns @ 5 mm 1.2 mm wire Q1 — BD135 or equivalent 
C25, C26 — 10 nF ceramic disc capacitor 
C14 — 10 pF/5 V Electrolytic capacitor Substrate — teflon glass 1/50” 


C13 — 100 zF/40 V Electrolytic capacitor 
C9, C13, C17, C20 — 0.1 wF Tantal 


Figure 1. 100-400 MHz 40 W Amplifier (Class AB) 


oF 
9 AMM 
nmiDR2 
ct = ite) 


| 


\ 
f 


£ 
“Nilli~w 


--+-- = grounding foil 


Figure 2. Components Layout 


MOTOROLA RF DEVICE DATA 


2-1278 


TPM4040 


Pout, POWER OUTPUT (WATTS) 


NOTE: The Printed Circuit Board shown is 75% of the original. 


Figure 3. Printed circuit Board 


Pout , 
(W) 


60 
50 
40 
30 


20 


f, FREQUENCY (MHz) 


_ Figure 4. Typical Output Power versus Frequency 


MOTOROLA RF DEVICE DATA 


2-1279 


Icq = 100 mA 


|. | 


MOTOROLA 
= SEMICONDUCTOR 
TECHNICAL DATA et 


ee TPM4.100 
The RF Line. | 


UHF Power Transistor 


The TPM4100 is an internally matched transistor in a push-pull package specially 
designed for multi-octave bandwidth high power applications. Its internal matching and 
package configuration lead to high input and output impedances. 

Multi-cell die design and ultra thin beryllium oxide header allow optimum heat dissi- 
pation and operating efficiency. Long term reliability and ruggedness are enhanced by 
use of diffused silicon ballast resistors and gold metallization. 


@ 100-400 MHz 

e 100 W = Pout 

e 28V—Vcc 

@ Push-Pull Package 

® Gold Metallization for Reliability 


100 W — 400 MHz 
UHF POWER TRANSISTOR 


MAXIMUM RATINGS 


Total Device Dissipation @ Tc = 25°C 210 
Derate above 25°C 0.11 
Storage Temperature Range . | —65 to +200 


THERMAL CHARACTERISTICS 


ELECTRICAL CHARACTERISTICS 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage (Ic = 50 mA, Ip = 0) | V(BR)CEO 35 


Emitter-Base Breakdown Voltage (IE = 20 mA, Ic = 0) . V(BR)EBO 4 


Collector Current — Continuous 7 
Ty 


FUNCTIONAL TESTS 


Common-Emitter Amplifier Power Gain 
(VcE = 28 V, Poyt = 100 W, f = 400 MHz) 


Collector Efficiency (Vce = 28 V, Poyt = 100 W, f = 400 MHz) i a 


~ MOTOROLA RF DEVICE DATA 


2-1280 


MOTOROLA | : 
Ee] SEMICONDUCTOR Z 
TECHNICAL DATA 


The RF Line TPM4130 


UHF Power Transistor 


.. specially designed for multi-octave bandwidth high power applications. Its internal 
matching and package configuration lead to high input and output impedances. Multi- 130 W — 400 MHz 
cell die design and ultra thin beryllium oxide header allow optimum heat dissipation and UHF POWER TRANSISTOR 
operating efficiency. Long term reliability and ruggedness are guaranteed by use of dif- 
fused silicon ballast resistors and gold metallization. 
@ 225-400 MHz 
e 130 W — Pout 
e 28V—Vcc 
@ Push-Pull Transistor 


CASE 827-01, STYLE 1 


MAXIMUM RATINGS 


THERMAL CHARACTERISTICS 


Thermal Resistance, Junction to Case (Tcase = 60°C) — 


ELECTRICAL CHARACTERISTICS 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage (Ic = = 50 mA, Ip = 0) ViBR)CEO Rac ae ae 


Collector-Base Breakdown Voltage (lc = 100 mA, IE = 0) = 2c 65 


Storage Temperature Range —o- 


Emitter-Base Breakdown Voltage (le = 5 mA, Ic = 0) 
ON ON CHARACTERISTICS 000000 


Roageectgam a 


DYNAMIC CHARACTERISTICS 
FUNCTIONAL TESTS 


Common-Emitter Amplifier Power Gain 
(VcE = 28 V, Pout = 130 W, f = 400 MHz) 


MOTOROLA RF DEVICE DATA 


2-1281 


TPM4130 


TYPICAL PERFORMANCE 


ox 14 
Ee 
= 3 12 
> 100 = 10 
uae o 
3 
ae : 
= 
27 4a ) 
y 4 
LA | teen 
eae eee 
0 ; 10 20 30 40 
POWER INPUT (WATTS} f, FREQUENCY (MHz) 
Figure 1. Power Output versus Power Input Figure 2. Gain versus Frequency 


DIVIDE BY IC2 TO OBTAIN METAL LIFETIME 


‘ey EFFICIENCY (%) 


MTTF FACTOR (HRS x AMP2} 


70 90 110 130 150 170 190 210 . 
Ty, JUNCTION TEMPERATURE (°C} f, FREQUENCY (MHz) 


- Figure 3. MTTF Factor versus Tj Figure 4. Efficiency versus Frequency 


MOTOROLA RF DEVICE DATA 


2-1282 


TPM4130 


L1, L4 — 30 mm 50 2 teflon coaxial cable soldered on L2 and L12 

L2, L8 — 24 mm x 1,5 mm on substrate 

L4, L6 — 6 x 2.5 mm on substrate 

L9 — hair pin made with 24 mm of 5 mm wire (as close to the collectors as possible) 
L8 — 0.1 «H : 

L10, L11 — 8 x 1.5 mm on substrate 

L12, L13 — 30 mm x 2.5 mm on substrate 


Substrate teflon-glass 1/16” (er = 2.55) 


C1 — ATC 100B 39 pF capacitors 

C2 — ATC 100B 27 pF capacitors 

C3 — ATC 100B 47 pF capacitor 

C4 — ATC 100B 33 pF capacitor 

C5 — Electrolytic capacitor 10 uF 63 V 
C6 — Chip capacitor 100 nF 

C7 — ATC 100B 22 pF capacitor 

S1 — Inductor 0.8 mm wire 3.6 mm ID 
S2 — Inductor 0.5 mm wire 24 mm long 
$3 — Inductor 1 w#H 

R — Resistor 10 0 +10% 1/4 W 

L1 — Microstrip lines 28.5 mm x 1.5 mm 
L2 — Microstrip lines 30 mm x 2.56 mm 
L3 — Microstrip lines 11 mm x 2.5 mm 
L4 — Microstrip lines 12 mm x 2mm 


Teflon coaxial 50 0 @ 1.8 mm 27.5 mm 


Figure 5. 225-400 MHz Test Circuit 


MOTOROLA RF DEVICE DATA 


2-1283 


MOTOROLA 
= SEMICONDUCTOR 
TECHNICAL DATA 


The RF Line - TPV364 
VHF Linear 


Power Transistor 


10 W — 230. MHz 
VHF LINEAR 
POWER TRANSISTOR 


The TPV364 is a NPN gold metallized transistor using diffused ballast resistors for 
improved linearity. This transistor is designed for high power band Ill TV transposers 
and transmitters. 

The TPV364 is used in the final stages of 20 W transposers or in the driver stages of 
100 W plus transposers and transmitters. 


Band III (170-230 MHz) 

10 W — Pref @ —55 dB IMD 
25V—Vcc 

High Gain — 10 dB Min 


.380 SOE 
CASE 145D-01, STYLE 1 


MAXIMUM RATINGS 


Storage Temperature Range 


THERMAL CHARACTERISTICS 


Thermal Resistance, Junction to Case (Tease = 70°C) 


Thermal Resistance, Case to Heatsink 


ELECTRICAL CHARACTERISTICS 


[haste ——SSSS~*dtSC vb ||| 
OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage (Ic = 50 mA, Ip = 0) 


Collector-Base Breakdown Voltage (Ic = 50 mA, IE = 0) V(BR)CBO | 6 | — | = | vdeo | 
Emitter-Base Breakdown Voltage (IE = 10 mA, Ic = 0) V(BR)EBO Poa | lS fl Vde 
ON CHARACTERISTICS 


DYNAMIC CHARACTERISTICS 


(continued) 


MOTOROLA RF DEVICE DATA 


2-1284 


TPV364 
ELECTRICAL CHARACTERISTICS — continued 


eS 


FUNCTIONAL TESTS 


Load Mismatch 


ne _ = No Degradation in 
(VcE = 25 V, Pout = 15 W, f = 225 MHz, Output Power 


Load VSWR = o:1, All Phase Angles) 


intermodulation Distortion, 3 Tone 
(f = 225 MHz, VcE = 25 V, IE = 1.6A, Pref = 10 W, 
Vision Carrier = —8 dB Ref., Sound Carrier = —7 dB Ref., 
Sideband Signal = — 16 dB Ref., Specification TV05001) 


Intermodulation Distortion (IDEM) 
(f = 225 MHz, VceE = 25 V, Ip = 1.6A, Pre¢ = 15 W, 
Vision Carrier = —8 dB, Sound Carrier = —10 dB, 
Sideband Signal = — 16 dB) 


Common-Emitter Amplifier Power Gain 
(VcE = 25 V, Pout = 10 W, f = 225 MHz, IE = 1.6 A) 


2 

= = 

ZB = 

E & 
< 

Z : 
one 

3 5 

: 2 

Ss e 

on = 

3 Vce = 25 VOLTS an 

a Ic = 16A < 

f = 225 MHz & 

Vce = 25 VOLTS 
Ic = 1.6A 
= 225 MHz 
— 65 — 60 = 55 —50 
Pi,, POWER INPUT (WATTS) IMD, INTERMODULATION DISTORTION (dB) 
Figure 1. Power Input versus Power Output Figure 2. IMD versus Peak Sync Output Power 


MTTFE FACTOR (HRS x AMP2) 
ic, COLLECTOR CURRENT (AMP} 


70 90 110 130 150 170 190 210 


Veg, COLLECTOR-EMITTER VOLTAGE (VOLTS 
Tj, JUNCTION TEMPERATURE (°C) CE (VOLTS) 


Figure 3. MTTF Factor versus Tj Figure 4. Safe Operating Area 


MOTOROLA RF DEVICE DATA 


2-1285 


TPV364 


V supply 


NEY 


i O Or] 
PR 
LAO: ° 
(0) 

VCE = 25V 

IC =1.6A 

Pout = 15 W peak 

Figure 5. Large Signal Impedance versus Frequency Figure 6. Bias Circuit 
V BIAS V CE 
e7 |) °&8 c9 
C10 , Cit | | | 
a ‘ I i 
L5 
L4 


«4 L1 L2 | L3 4 — } . 2 = 
C6 
C1 aS al of ia Bi 


C1 — ARCO 403 
C2, C6 — ARCO 404 
C5 — ARCO 423 


C3, C7 — Chip capacitor 470 pF 

C4 — UNELCO-capacitor 80 pF 

C8, C10 — UNELCO-capacitor 1000 pF 
~ C9, C11 — 100 uF electrolytic — 63 V 


R — 4,7 ohms — 1/2 W 


L1 — 1.5 turns closely wound — Cu wire 1 mm —1.D. 5 mm 
L2 —- 2.5 cm — 50 ohms line 10 

L3 — length of the base lead 

L6 — Cu wire 1.5mm ¢10> 


L5 — 3 cm — 50 ohms line 
L4 — 5 turns closely wound — Cu wire 8 mm —1.D.5 mm 


Figure 7. 225 MHz Test Circuit 


MOTOROLA RF DEVICE DATA 


2-1286 


MOTOROLA —s_—=w 
= SEMICONDUCTOR Se 
TECHNICAL DATA aha 


The RF Line a TPV375. 
VHF Linear Power Transistor _ ca ) 


The TPV375 is a NPN gold metallized transistor using diffused ballast resistors for 


super linearity. The TPV375 is specifically designed for high power band Ill. TV transpos- 14/20 W — 170 to 230 MHz 


ers and transmitters amplifiers. Due to its high saturation power (over 70 watts), the VHF LINEAR | 

TPV375 shows good linearity characteristics at powers over 25 W. POWER TRANSISTOR 

@ Band Ill (170-230 MHz) i Parr, 

@ 20 W — Pref @ —51 dB IMD , jae be 

© 14 W — Pref @ —55 dB IMD ae : 

@28V—Vcc _ 

@ High Gain — 9 dB Typ : 
500 SOE 


CASE 145A-10, STYLE 1 


MAXIMUM RATINGS 


Collector Current — Continuous 


Total Device Dissipation @ Tc = 25°C | eae ‘100 
Derate above 25°C = WC 
Storage Temperature Range 
THERMAL CHARACTERISTICS : 
a 
[Thermal Resitance Junoon wo Gase (Tg = 706) SSSCSCS~dSC*R 


ELECTRICAL CHARACTERISTICS . | 


Pp Charactvne ——SSS*CS~*S~*~dYC« te | Me | 


OFF CHARACTERISTICS . 


ON CHARACTERISTICS 


DYNAMIC CHARACTERISTICS | 


(continued) 


MOTOROLA RF DEVICE DATA 


2-1287 


TPV375 


-ELECTRICAL CHARACTERISTICS — continued | 


FUNCTIONAL TESTS | 


Common-Emitter Amplifier Power Gain 
(VCE = 28 V, Pout = 20 W, f = 225 MHz, IE = 2.5 A) 


Load Mismatch 
(VcE = 28 V, Pout = 20 W, ig = 2.5A, f = 225 MHz, 
Load VSWR = 00:1, All Phase Angles) 


No Degradation in 
_ Output Power 


Intermodulation Distortion, 3 Tone . 
(f = 225 MHz, VcE = 28 V, Ip = 2.5A, Preg = 14 W, 


Vision Carrier = —8 dB ref., Sound Carrier = —7 dB ref., 
Sideband Signal = — 16 dB ref., Specification TV05001) 


Intermodulation Distortion (IDEM) 
(f = 225 MHz, VCE = 28 V, Ip = 2.5A, Pret = 20 W, 
Vision Carrier = —8 dB, Sound Carrier = —10 GB, 
Sideband Carrier = — 16 dB) 


VcE = 28 VOLTS 


a 
Fe e 
= = 
g 2 
2 Lt 
= 5 
a = 225 MHz = 
> uu 
rs VcE = 28V & 
= 
a 
t 23 ee RP eg 50 100 150 200 
Pin, INPUT POWER (mW} f, FREQUENCY (MHz) 
Figure 1. Power Output versus Power Input Figure 2. Power Gain versus Frequency 
= VcE = 28 VOLTS 
IC = 25A 
Ths = 70°C 
Be fvision = 225 < 
- oc 
= 15 3 
3 S 
re © 
5 = 
x 10 8 
() 2 
Pa L 
& 
= 
ao 
5 
0 Vce, COLLECTOR-EMITTER VOLTAGE (VOLTS) 
— 65 
IMD, INTERMODULATION DISTORTION (dB) Figure 4. Safe Operating Area 


‘Figure 3. intermodulation Distortion versus 
Peak Sync Power 


MOTOROLA RF DEVICE DATA 


2-1288 


TPV375 


Figure 5. Large Signal Impedances versus Frequency 


VcE = 28V—Ic = 2.5A 


VBIAS 


C3 


\@ 
\S7 / 


IN 50 OHM 


see 3 L2 | L3 


MTTF FACTOR (HRS x AMP2] 


1x 107 


1x 106 


70 90 110 130 150 170 | 190 210 
Ty, JUNCTION TEMPERATURE (°C) 


Figure 6. MTTF Factor versus Ty 


VCE 


C1, C7 — ARCO 403 
C2 — ARCO 404 
Ls ; .  €3, C8 — chip capacitor 470 pF 
C4, C5. — UNELCO 80. pF 
C6 — ARCO 423 
‘@) C9, C11 — UNELCO 1000 pF 
=. - C10 — 470 pF electrolytic 
OUT50OHM cCi2—10nF. 


L1 —.1.5 turns closely wound. Cu wire 0.7 mm 1.D. 
4.5mm ete tg “ 
L2 — 2.1 cm — 50 ohms — line ~~ 
L3 — length of the base lead * 10 v/ 
C7... © |) L4— Cu wire 1.6:mm «8? 


15 —3.5cm— 50 ohms line _ 7 
L6 — 4 turns closely wound Cu wire 0.8 mm I.D. -- 
45mm 


Figure 7. 225 MHz Test Circuit 


-VSUPPLY. 
3X 
560 
5W 


VCE 


VBIAS 


Figure 8. Bias Circuit 


MOTOROLA RF DEVICE DATA ~ 


2-1289 


MOTOROLA 


TECHNICAL DATA | 


The RF Line 7 TPV385 
VHF Linear Power Transistor | 


... designed specifically for band Ill TV transposers and transmitter amplifiers. The 
TPV385 is internally matched and uses gold metallized die with diffused emitter ballast 
resistors to enhance reliability, ruggedness and linearity. 


@ Band Ill (170-230 MHz) 

@ 14W — Pret @ —53 dB IMD 
e 28V—Vcc 

® High Gain — 14 dB Min 


28 V — 170-230 MHz 
_- MHF LINEAR | 
POWER TRANSISTOR 


.500 J ZERO 
CASE 316A-01, STYLE 1 


MAXIMUM RATINGS 


Emitter-Base Voltage 
Collector Current — Continuous ~ Ic 


Characteristic 


Thermal Resistance, Junction to Case (Tc = 70°C) 


Collector-Emitter Breakdown Voltage (Ic = 50 mA, Ip = 0) 
Collector-Base Breakdown Voltage (Ic = 50'mA, IE = 0) 


ON CHARACTERISTICS 


[Dc Curent Gainig=TAver=5W—SS~=~“*‘*dCi:~C*dSCOwS dC 


DYNAMIC CHARACTERISTICS ik 
Output Capacitance (Vcp = 30 V, IE = 0, f = 1 MHz) Cob en ee ee ee 


(continued) 


‘MOTOROLA RF DEVICE DATA 


2-1290 


TPV385 


ELECTRICAL CHARACTERISTICS — continued 
FUNCTIONAL TESTS 


Common-Emitter Amplifier Power Gain 
(Vcc = .28-V, Pout = 14 W, f = 225 MHz, Ip = 2.5 A) 


Load Mismatch . 
(Vcc = 28 V, Pout = 14. W, Ip = 2.5 A, f = 225 MHz, 
Load VSWR = o:1, All Phase Angles) 


Intermodulation Distortion, 3 Tone oe 

_ (f = 225 MHz, Vcge = 28 V, Ip = 2.5A, Pref = 14 W, 
Vision Carrier = —8 GB ref., Sound Carrier = —7 GB ref., 
Sideband Signal = — 16 dB ref., Specification TV05001) 


BIAS 


sae 


C1, C6 — ARCO 404 

C2, C5 — ARCO 423 

C3, C4 — UNELCO 80 pF 

C7 — 1 nF + 47 nF 

C8, C9— 1 nF + 0.1 wF + 47 pF 

L1 — 2 turns, ID 6 mm, wire 1 mm 

L1 — 1 turn, ID 10 mm, wire 1 mm 

L2 — 6 turns, ID 6 mm, wire .6 mm 

L3 — base inductance PAD, L = 10 mm W = 5mm 
- L5 — 1 turn, ID 6 mm, wire 1.5 mm 

~L6 — 2 turns on ferrite core, wire 1.5 mm 


Figure 1. 225 MHz Test Circuit 


Figure 2. Bias Circuit 


MOTOROLA RF DEVICE DATA 


2-1291 


No Degradation in 
Output Power 


A 


MOTOROLA 


8 SEMICONDUCTOR 
"TECHNICAL DATA 


TPV387 
Advance Information : 


The RF Line 
VHE Linear Power Transistor 


28 V — 170-230 MHz 
VHF LINEAR 
POWER TRANSISTOR | 


. designed specifically for band {Il TV transposers and transmitter amplifiers. The 
TPV387 is internally matched and uses gold metallized die with diffused emitter ballast 
resistors to enhance reliability, ruggedness and linearity. 


Band Ill (170-230 MHz) 

24 W — Pref @ —50 dB IMD 

28 V— Vcc 

High Gain — 13 dB Min, Class A 


.500 J ZERO 
CASE 316A-01, STYLE 1 


MAXIMUM RATINGS 


ELECTRICAL CHARACTERISTICS 


OFF CHARACTERISTICS 
~ VIBR)CEO 
. V(BR)CBO 


V(BR)EBO 
Collector-Emitter Breakdown voltage (Ic = 100 mA, Rpg = 10 2) V(BR)CER 
ON CHARACTERISTICS 


DYNAMIC CHARACTERISTICS 


Output Capacitance (Vop = 30 V, Ip = 0, = 1 MHz oe 


(continued) 


This document contains information on a new product. Specifications and information herein are subject to change without notice. 


MOTOROLA RF DEVICE DATA 


2-1292 


TPV387 


ELECTRICAL CHARACTERISTICS — continued 


Characteristic | Symbol | Min | Typ [Max | Unit | 


FUNCTIONAL TESTS 


Common-Emitter Amplifier Power Gain 
(Vec = 28V, Pout = 24 W, f = 225 MHz, Ip = 3.5 A) 
Load Mismatch os ie a D aati in 
(Voc = 28V, Pout = 24 W, Ip = 3.5A,f = 225 MHz, : % ee ees 
Load VSWR = co:1, All Phase Angles) ere 


Intermodulation Distortion, 3 Tone 
(f = 225 MHz, Vce = 28 V, Ip = 3.5A, Pref = 24 W, 
Vision Carrier = —8 dB, Sound Carrier = —7 dB, 
Sideband Signal = —16 dB, Specification TV05001) 


Output Power, 1 dB Compression Point 
(VCE = 28 V, f = 225 MHz, Iq = 200 mA) 


~ MOTOROLA RF DEVICE DATA ; 


2-1293 


MOTOROLA 


ge SEMICONDUCTOR 
TECHNICAL DATA 


The RF Line 
VHF Linear Power Transistor 


art designed specifically for band Ill TV transposers and transmitter amplifiers. The 
TPV394A is internally matched and uses gold metallized die with diffused emitter ballast 
resistors to enhance reliability, ruggedness and linearity. 


® Band Ill (170-230 MHz) 
e 28V—Vcc 
@ High Gain — 16 dB Typ, Class A 


TPV394A 


28 V — 170-230 MHz 
VHF LINEAR 
POWER TRANSISTOR 


.280 SOE 
CASE 244C-01, STYLE 1 


MAXIMUM RATINGS 


Rating 


Collector-Base Voltage 
[collector Curent—Coninuous——SSSCSC~=~“‘*S*~*“‘“~*~*~*~*~*dCSCiSC*d 
“cowie 
Derate above 25°C 
F Operating Junction Tomporsue SSSCS~“—~*~“*~*~*~*~*~*~*~SCSCiYSCYSSC«dC 
THERMAL CHARACTERISTICS 
“ow 


ELECTRICAL CHARACTERISTICS 


ee 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage (Ic = 50 mA, Ip = 0) V(BR)CEO re ee Vdc 


Collector-Base Breakdown Voltage (Ic = 20 mA, Ig = 0) V(BR)CBO Leer 
Emitter-Base Breakdown Voltage (Ip = 2 mA, Ic = 0) V(BR)EBO ae ae 
Collector-Emitter Breakdown Voltage (Ic = 20 mA, Rpg = 10 2) V(BR)CER | 85 


ON CHARACTERISTICS 


ee ee ee ee | 


DYNAMIC CHARACTERISTICS 


Output Capacitance (Vcp = 28 V, Ie = 0, f = 1 MHz) Cob 35 pF 
C E e) 


(continued) 


MOTOROLA RF DEVICE DATA 


2-1294 


TPV394A 


“ELECTRICAL CHARACTERISTICS — continued» 


FUNCTIONAL TESTS 


Common-Emitter Amplifier Power Gain 
(VceE = 28 V, Pout = 5 W, f = 225 MHz, Ie = 1 A) 


Load Mismatch 
(VcE = 28 V, Pout = 5 W, Ip = 1A, f = 225 MHz, 
Load VSWR = ©:1, All Phase Angles) . 


No Degradation in 
Output Power 


Intermodulation Distortion, 3 Tone 
(f = 225 MHz, Vce = 28 V, IF = 1A, Pref = 5 W, 
Vision Carrier = —8 dB ref., Sound Carrier = —7 dB ref., 
Sideband Signal = — 16 dB ref., Specification TV05001) 


30 
oo 
oe Ss 
= S VcE = 28 VOLTS 
= 0 fe IC = 1A 
i F f = 225 MHz 
= 2 
: z 
2 5 
2 10 a 
3 Vce = 28 VOLTS ra 
- IC = 1A = 
f = 225 MHz oe 
P = 


0 0.25 05 0.75 1 
Pin, INPUT POWER (WATTS) 


Figure 1. Output Power versus Input Power 


Pout OUTPUT POWER (WATTS) 


Figure 2. Intermodulation Distortion versus 
Output Power 


RoJH. THERMAL RESISTANCE (°C/W) 


Ic, COLLECTOR CURRENT (A) 


Ty, JUNCTION TEMPERATURE (°C) 


Vce, COLLECTOR-EMITTER VOLTAGE (VOLTS) 


Figure 3. Thermal Resistance Junction Heatsink 
versus Temperature of Junction for Various Figure 4. Safe Operating Area 
Power's Dissipated 


MOTOROLA RF DEVICE DATA 


2-1295 


TPV394A 


Figure 5. Large Signal Impedances versus Frequency 
VcE = 28V—Ic =1A 


VBIAS VCE 


ink 10 nF 
R 
Md er pF 


IN 330 pF U1 © 19m. 14mm 


— 
a e—hr re 50 O} 35.0 5 
| C1 I C2 I | 

I777 


C1, C4 — ARCO 403 L1— 1 turn 1/2 1.D. = 5mm 
C2 — ARCO 404 L2 — RFC 10 turns I.D. = 5mm 
C3 — ARCO 423 L3 — 1.5 mm shaped: 


Material — G10 Epoxy Board. 
Figure 6. 225 MHz Test Circuit 


VSUPPLY 


VCE 


VBIAS 


Figure 7. Class A Bias Circuit 


MOTOROLA RF DEVICE DATA 
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MOTOROLA 
= SEMICONDUCTOR sume 
TECHNICAL DATA 


TPV590 
The RF Line 


UHF Linear Power Transistor 


... designed for pre-driver and driver stages in band IV and V TV transposers and trans- 28 V — 470-860 MHz 
mitter amplifiers. The TPV590 uses gold metallized die with diffused emitter ballast UHF LINEAR 
resistors to enhance reliability, ruggedness and linearity. | POWER TRANSISTOR 


® Band IV and V (470-860 MHz) 

0.25 W — Pref @ —58 dB IMD 

28 V— Vcc 

High Gain — 14 dB Min, Class A @ f = 860 MHz 
Gold Metallization for Reliability 


.200 SOE 
CASE 305B-01, STYLE 1 


MAXIMUM RATINGS 


Collector-Emitter Voltage VCEO 


Emitter-Base Voitage 


ELECTRICAL CHARACTERISTICS 


OFF CHARACTERISTICS 


ON CHARACTERISTICS . 


DYNAMIC CHARACTERISTICS 


(continued) 


MOTOROLA RF DEVICE DATA 


2-1297 


TPV590 


ELECTRICAL CHARACTERISTICS — continued . 
a 
FUNCTIONAL TESTS © 


Common-Emitter Amplifier Power Gain 
(VcE = 20 V, Pout = 0.25 W, f = 860 MHz, IE = 75 mA) 


Load Mismatch 
(Vcc = 20 V, Pout = 0.25 W, Ie = 75 mA, f = 860 MHz, 
Load VSWR = 0:1, All Phase Angles) 


No Degradation in 
Output Power 


Intermodulation Distortion, 3 Tone 
(f = 860 MHz, Vce = 20 V, Ie = 75 mA, Pref = 0.25 W, 
Vision Carrier = —8 dB ref., Sound Carrier = —7 dB ref., 
Sideband Signal = — 16 dB ref., Specification TV05001) 


NOTE: DIVIDE BY I¢2 
TO OBTAIN METAL 
LIFETIME IN HOURS 


& : 
S & 
i = 
om 

pai | a 
5 2 
S = 

Pin, INPUT POWER (mW) Ty, JUNCTION TEMPERATURE (°C) 
Figure 1. Output Power versus Input Power Figure 2. MTTF Factor versus 


Junction Temperature 


VSUPPLY ¢ 


2N2904 


C = 1 pF + 0.1 pF 
+10 nF 


> VBE 
220, 


4.7 kQ 


Ic, COLLECTOR CURRENT (mA) 


Figure 4. Bias Circuit 


Voce, COLLECTOR-EMITTER VOLTAGE (VOLTS) 


Figure 3. DC Safe Operating Area 


MOTOROLA RF DEVICE DATA 


2-1298 


TPV590 


TPV590 S-PARAMETERS 
VcE = 20 V—ic = 100 mA 


POLAR S-PARAMETERS IN 50 OHM SYSTEM 


20 
0.266 
0.266 © 


0.237 | 


0.266 


0.237 


VCE 


i: aa uD 3 to 


wef SHK)a 
clo | 


7S =o" 


Figure 5. 860 Miz Test Circuit 
VceE = 20 V—Ic = 75 mA 


L1— 50 Q line | = 10% Ag at 860 MHz C1, C2, C14 — variable AIRTRONIC C max 4.7 pF AT7275 
L2 — 100 2 line | = 12% Ag at 860 MHz C3, C4 — ATC chip 10 pF 

L3— 500 line |= 7% Ag at 860 MHz C5 — 680 pF ATC chip 

L4— 120 9 iine | = 10% Ag at 860 MHz C6, C11 — 1 nF 

L5 — 6 turns ID 3 mm wire .5 mm C7, C12 — 10 nF 

L6 — 6 turns ID 3 mm wire .5 mm C8 — 10 uF 63 V 


C13 — 10 pF 25 V 
C9, C10 — 1 nF chip 


MOTOROLA RF DEVICE DATA 


2-1299 


MOTOROLA 
SEMICONDUCTOR 
TECHNICAL DATA 


| TPV591 
The RF Line 


UHF Linear Power Transistor 


... designed for pre-driver and driver stages in band IV and V TV transposers and trans- 28 V — 470-860 MHz 
mitter amplifiers. The TPV591 uses gold metallized die with diffused emitter ballast UHE LINEAR 
resistors to enhance reliability, ruggedness and linearity. POWER TRANSISTOR 


Band IV and V (470-860 MHz) 

© 0.5 W — Pref @ — 58 dB IMD 

® 28V—Vcc 

@ High Gain — 14 dB Typ @ f = 860 MHz 
@ Gold Metallization for Reliability 


.200 SOE 
CASE 305B-01, STYLE 1 


MAXIMUM RATINGS 


Collector-Emitter Voltage VCEO 
Collector-Base Voltage VCBO 
00 


THERMAL CHARACTERISTICS 


Thermal Resistance, Junction to Case (Tc = 70°C) Re@Jc 


ELECTRICAL CHARACTERISTICS 


aie 


ON CHARACTERISTICS 


DYNAMIC CHARACTERISTICS 


(continued) 


MOTOROLA RF DEVICE DATA 


2-1300 


TPV591 


ELECTRICAL CHARACTERISTICS — continued 


Characteristic | Symbot | min | Typ | Max | Unit _| 


FUNCTIONAL TESTS 


Common-Emitter Amplifier Power Gain . — 
(Vcc = 20 V, Pout = 0.5 W, f = 860 MHz, Ic = 150mA) 
Load Mismatch : ee es ie as No Degradation in 

(VCE = 20 V, Pout = 0.5 W, Ic = 150 mA, f = 860 MHz, _ Peo) g 
Load VSWR = 0:1, All Phase Angles) - 


Output Power. 


intermodulation Distortion, 3 Tone . : . 
(f = 860 MHz, Vce = 20 V, IE = 150 mA, Prof = 0.5 W, 
Vision Carrier = —8 dB, Sound Carrier = —7 dB, | 
Sideband Signal = —16 dB, Specification TV05001) 


Cutoff Frequency (Vcg = 20 V, Ip = 75 mA) 


NOTE: DIVIDE BY Ic2 
TO OBTAIN METAL 
_ LIFETIME IN HOURS. 


Pout, OUTPUT POWER (WATTS) 
MTTF FACTOR (HRS x AMP?) 


Pin, INPUT POWER (mW) | x Ty, JUNCTION TEMPERATURE (°C) 


Figure 1. Output Power versus Input Power . | Figure 2. MTTF Factor versus 
| | Junction Temperature 


VSUPPLY 


1nF + 10 nF 
+10 pF 


VBE 


2N2904 


Ic, COLLECTOR CURRENT (mA) 


Figure 4. Bias Circuit 


Veg, COLLECTOR-EMITTER VOLTAGE (VOLTS) 


Figure 3. DC Safe Operating Area 


MOTOROLA RF DEVICE DATA 


2-1301 


TPV591 


TPV591 S-PARAMETERS 
Vce = 20 V— Ic = 150 mA 


181 
177 


173 | 3.47 | 72 | : 
199 | 2m | 62 | oom | 36 | 0mm 
Ee 
[—e00|~0a86 [see [ais | | 
[sco |~0886 | vee [2m [| oo | | oan | 70 | 
[2 [oe Tosa [a7 


214 


co : 
ppp) VCE 


ae 


; C6 
. OUT 
IN 
TPV591 C7 AB 

C1, C6 — 1 nF Choke: 8 turns — ID 6 mm — wire .5 mm 
C2, C7 — Variabie Airtronic AT7285 — max 2.5 pF 

C4 — ATC 100 A 10 pF L1— 50line — € = 10% Ag qt 860 MHz 

C5 — ATC 100 A 6.8 pF + 4.7 pF L2— 50line—€ = 5% Ag at 860 MHz 
C8 — 1 nF- L3— 80 line — @ = 13% Ag at 860 MHz 
C9, C10 — 1 nF + 10 nF + 10 uF L4— 100 Jine— € = 8% Ag at 860 MHz 


Figure 5. 860 MHz Test Circuit 
VceE = 20 V— Ic = 150 mA 


MOTOROLA RF DEVICE DATA 


2-1302 


MOTOROLA | 
aa SEMICONDUCTOR mam 
TECHNICAL DATA 


_ |  -TPv593 CO 
Advance Information “ aa | 
The RF Line : | 


UHF Linear Power Transistor 


25 V — 470-860 MHz 


UHF LINEAR 
... designed for pre-driver and driver stages in band IV and V TV transposers and trans-. - ‘POWER TRANSISTOR 
mitter amplifiers. The TPV593 uses gold metallized die with diffused emitter ballast | 
resistors to enhance reliability, ruggedness and linearity. 
®@ Band IV and V (470-860 MHz) . 
@ 2W — Pref @ —60 dB IMD : 
e 25V—Vcc 
® High Gain — 9 dB Typ, Class A, f = 860 MHz 

.280 SOE 


CASE 244C-01, STYLE 1 


MAXIMUM RATINGS 


a 


THERMAL CHARACTERISTICS 


Thermal Resistance, Junction to Case (Tc = 70°C) 


ELECTRICAL CHARACTERISTICS 


Charts Sit [tan] | 
OFF CHARACTERISTICS 7 

[Calesortniter Breakdown Volagele = 80 mAle=0 | Vamos | @ [= [= | vee 
[colesorose Breakdown Votape (ig TOmAte=@) | Vanjoso | #8 | = [| = | vee 
inoraaseSakdown Votage lg —TmAle= 0 | Vemso | «| = | =| ve 


ON CHARACTERISTICS 


| WC Current Gain tic = 260mA Vee =20v) |e | | OT = | 


DYNAMIC CHARACTERISTICS | 
FUNCTIONAL TESTS | ; a 


Common-Emitter Amplifier Power Gain 
~ (Vcc = 25 V, Poyt = 2 W, f.= 860 MHz, Ic = 450 mA) 


Intermodulation Distortion, 3 Tone 
(f = 860 MHz, VcE = 25 V, I_E = 450 mA, Pref = 2W, . 
Vision Carrier = —8 dB, Sound Carrier = —7 dB, 
Sideband Signal = —16 dB, Specification TV05001) 


This document contains information on a new product. Specifications and information herein are subject to change without notice. 


MOTOROLA RF DEVICE DATA 


2-1303 


TPV593 


3 f = 960 MHz 
2 Vce = 25V 
| Ic = 450 mA 


Pout, OUTPUT POWER (WATTS) 
IMD, INTERMODULATION DISTORTION (dB) _ 


02° 04. 06 08 1 | , 300 400 500. 
Pin, INPUT POWER (WATTS) | |e, COLLECTOR CURRENT (mA) 
Figure 1. Output Power versus Input Power Figure 2. IMD versus Collector Current 


DIVIDE BY 
ic2 TO OBTAIN . 
METAL LIFETIME 
IN HOURS 


Ie, COLLECTOR CURRENT (A) 
MTTE FACTORY (108 HRS x AMP2) - 


Veg, COLLECTOR-EMITTER VOLTAGE (VOLTS) | Ty, JUNCTION TEMPERATURE (°C) 


Figure 3. DC Safe Operating Area Figure 4. MTTF versus Junction Temperature 


POLAR « S » PARAMETERS IN 50 OHMS SYSTEM 


MAGN ANGL | MAGN ANGL MAGN ANGL MAGN ANGL 


NOTE: Veg = 25 Volts — Ic = 450 mA — Class A 


MOTOROLA RF DEVICE DATA 


92-1304 


TPV593 


C11 
WH : : Vee 
1 | 7 
| C C12 C13 
C14 S 
C16 : C15 R VY le 
| 68 
a, a CA o : L3 
2 C5. L4 C6 Z 
: oat oe gy De an 
we 500 
50 0 << UN , | I | 
C1 C4 C7 
4 
x | 
. ‘f, C2 “A ‘1, “a 
C1 — AIR TRIMMER AT 5201 0.8-10 pF TEKELEC L1— 30 O line 1 = 6.5% Ag 
C2 — CHIP ATC 4.7 pF L2 — choke 0.47 wH 
C3 — AIR TRIMMER AT 5751 0.6-6 pF TEKELEC L3 — 1 turn — ID 6 mm — wire 10/10 
C4, C5 — CHIP ATC 3.3 pF L4— 30 0 line 1 = 19% Ag 
_ C6, C7 — AIR TRIMMER AT 5501 1--20 pF TEKELEC L5 — 8 turns on a CN 20 FERRITE BEAD — 
C8, C13, C14 — 1 nF CHIP CAPACITOR CERAMICL — MAGNETICS 
C9, C11, C15 — 10 nF RTC R — 43 0 1/4 Watt 
C12 — 0.1 uF RTC 
C10, C16 — 10 uF 63 V electrolytic 
Figure 5. 860 MHz Test Circuit 
VSUPPLY VCE 
2N2904 
VBE 
Figure 6. Bias Circuit 
POLAR COORDINATES OF SIMULTANEOUS CONJUGATE MATCH IN 
50 OHMS SYSTEM — 
F - SOURCE REFL. COEFF. LOAD REFL. COEFF. G MAX 


NOTE : Vcg = 25 Volts — Io = 450 mA — Class A 


Ee ; - z ia ‘ ; ‘ ’ z < oe 


MOTOROLA RF DEVICE DATA 
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MOTOROLA 


SEMICONDUCTOR | 
TECHNICAL DATA 


| TPV595A 
The RF Line 


UHF Linear Power Transistor 


... designed for driver and output stages in band IV and V TV transposers and transmit- | 25 V — 470-860 MHz 
ter amplifiers. The TPV595A uses gold metallized die with diffused emitter ballast resis- UHF LINEAR 
tors to enhance reliability, ruggedness and linearity. POWER TRANSISTOR 


® Band IV and V (470-860 MHz) 

14 W — Pref @ —47 dB IMD 

25V—Vcc 

High Gain — 9 dB Typ, Class A, f = 860 MHz 
Push-Pull Package . 


MAXIMUM RATINGS | = 


Collector-Emitter Voltage ee VCEO 28 
0 


Collector-Base Voltage VCBO 
Emitter-Base Voltage . VEBO a ae 


Collector Current — Continuous 


‘ 
Total Device Dissipatian @ Tc = 70°C 50 Watts 
Derate above 70°C | 4 wc 
Operating Junction Temperature 
Storage Temperature Range —50 to +200 


THERMAL CHARACTERISTICS | | 


Thermal Resistance, Junction to Case (Tc = 70°C) RgJc 


ELECTRICAL CHARACTERISTICS | 


P—CCharacteitn ———SSSSSSS*dYCSS bot] Mim Ty | Max [Unit 
OFF CHARACTERISTICS 
[collector Emit Breakdown Votege lic = 60mA p= 0 | Viemceo | 8 
| Collector-Base Breakdown Voltage (ic = 10mA te=0) | Wpricpo | 45 | | 
Emitter-Base Breakdown Voltage (IE = 3 mA, Ic = 0) | verepo | 4 | — | — | vac | 
a a eo 
es Meese aed 


Collector-Emitter Breakdown Voltage (Ic = 10 mA, Rpg = 510) V(BR)CER 


Collector Cutoff Current (VcgR = 20V,lp = 0) | . 
ON CHARACTERISTICS . 


DC Current Gain (ic = 600 mA, VoE = 20 VI | eine oe 10 ee 


(continued) 


ICBO 


“MOTOROLA RF DEVICE DATA 


2-1306 


TPV595A 


ELECTRICAL CHARACTERISTICS — continued 


Characteristic [symbot | Min | Typ wax] une 


Common-Emitter Amplifier Small-Signal Gain 
(VcE = 25 V, Ic = 2 x 900 mA) 


Load Mismatch 
(Vcc = 25V, Pout = 15 W, Ica = 2 x 900 mA, f = 470 MHz, 
2 Tones, Load VSWR = o:1, All Phase Angles) 


FUNCTIONAL TESTS 


No Degradation in 
Output Power ~ 


Overdrive (no degradation) 
(fo = 470 MHz, VcE = 25 V, 2 Tones, IcQ = 


2 x 900 mA) 


Intermodulation Distortion, 3 Tone 
(f.= 860 MHz, Vce = 25 V, Icq = 2 x 900 mA, Pref = 14 W, 
Vision Carrier = —8 dB, Sound Carrier = —7 dB, 

Sideband Signal = — 16 dB, Specification TV05001) 


Intermodulation Distortion (IDEM) 
(f = 860 MHz, VcE = 25 V, Icg = 2 x 900 mA, Pref = 14 W, 
Vision Carrier = —8 dB, Sound Carrier = —10 cB, 

Sideband Carrier = —16 dB) 


z 
2 
i 
3 
Qa 
[=] 
= 
rf) 
© 
o 
a 
= 
~x< 
Pref, REFERENCE OUTPUT POWER (WATTS| : Pref, REFERENCE OUTPUT POWER (WATTS) 
Figure 1. Cross-mod* versus Output Power Figure 2. IMD* versus Output Power 
*Cross-mod: A% sound (—7 dB) | *IMD: 3 tones —7 dB, —8 dB, —16 dB 
— vision O — PEAK ee te ’ 
TT TTT kage 
6 | TO OBTAIN METAL 

cc x 
=EERNEee = 
& 3f : cc 
= ea | 
rs) ! Tc = 70°C > S 

: £ = 

Sane : 


4 | 8 12 16 20 24 
Vee, COLLECTOR-EMITTER VOLTAGE (VOLTS) TJ, JUNCTION TEMPERATURE (°C) 


Figure 3. DC Safe Operating Area | | Figure 4. MTTF versus Junction Temperature 


MOTOROLA RF DEVICE DATA 


2-1307 


TPV595A 


3 VcE = 25V 
Ic = 2x09A 


- Vcp = 25V 
Ic = 2x09A 


Figure 5. Z Load For Best IMD (8 W) Figure 6. Zj, For Best input VSWR 
and Cross-Modulation (12 W) Base-to-Base 
Collector-to-Collector 


VBE1 ¢ ) 
| R100 


P1100 


L10 ' 
De de 

L1, L2, L15, L16 — 60 mm of 50 0 — 2.2 mm semi rigid coax C1 — 0.5-4.5 pF GIGATRIM TRIMMER 
L3, L4 — 50 © line — 5.5% Ag at 860 MHz C2, C3 — 27 pF ATC 100A 
L5, L6 — 3 turns [D 2 mm C4— 6.8 pF ATC 100A 
L7, L8 — 50 O line — 1.5% Ag at 860 MHz C5 — 18 pF ATC 100A 
L9, L10 — 50 2 line — 4.9% Ag at 860 MHz C6 — 3.3 pF ATC 100A 
L11, L12 — 50 2 line — 2% Ag at 860 MHz C7 — 4.7 pF ATC 100A 
L13, L14 — 50 2 line — 1.5% Ag at 860 MHz — C8, C9 — 27 pF ATC 100A 


C10 — +330 pF ATC 100 B 
+ 1nF + 10 nF + 47 pF 
C11 —1nF + 10 nF + 10 pF 


Figure 7. 470-860 MHz Broadband Amplifier 


MOTOROLA RF DEVICE DATA 


2-1308 


TPV595A 


© Vero xx & METALLIZED HOLES 


Figure 8. 470-860 MHz Broadband Amplifier 


VSUPPLY 


VCE 


VSUPPLY 


VBE 
C1 —.100 mF R2 — 5.6 k0 D1 — 1N4148 
C2 — 10 nF R3— 1000 Q1 — 2N2904 
R1 — 150 0 R4—2.702W P1—1kO 


Figure 9. Bias Circuit 


a oA a OT A TG ETERS 


MOTOROLA RF DEVICE DATA 


2-1309 


MOTOROLA | 
SEMICONDUCTOR yy 


TECHNICAL DATA 


The RF Line | TPV596A 
UHF Linear Power Transistor 


. designed for very high output 1.5 V MATV amplifiers up to 860 MHz and 500 mW 


Band V TV transposer stages. Gold metallization and diffused itter ballast i 0.5 W — 470 to 860 MHz 
p g used emitter ballast resistors UHF LINEAR 


are used to enhanced reliability, ruggedness and linearity. 


® Band IV and V (470-860 MHz) 

© 0.5 W — Pref @ —-58 dB IMD | | 

® High Gain — 12 dB Typ, Class A @ f = 860 MHz 
® Gold Metallization for Reliability 


POWER TRANSISTOR 


.280 SOE 
CASE 244C-01, STYLE 1 


MAXIMUM RATINGS 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


Storage Temperature Range —65 to +200 er 


THERMAL CHARACTERISTICS 


Characteristic 


ELECTRICAL CHARACTERISTICS 


rn ean caggsnen cerns oni are naar ei 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage (ic = - 20 mA, ip = 0) 


Collector-Base Breakdown Voltage (Ic = 1 mA, le = 0) 


PMenceo [24 [= vee 
le Wericso. | < 20). 2) Se ee 
Emitter-Base Breakdown Voltage (IE = 0.25 mA, Ic = 0) | Vermeso | 35 | — | — | Vdc | 
Collector Cutoff Current (Vcp = 28 V, IE = 0) | iccoo | — | — | 048 | made | 
ColesorEmier Breakdown Vote lg = 207A Age v0.8) | Wericen | | — | — | ve _| 


ON CHARACTERISTICS 


[DC Curent Gang =TAVee=@)——SSCS*~“C*é‘“‘*S*dCSC~SCdC YS dC 


z 
| 


DYNAMIC CHARACTERISTICS | 


(continued) 


MOTOROLA RF DEVICE DATA | 


2-1310 


TPV596A 


FUNCTIONAL TESTS 


Common-Emitter Amplifier Power Gain ~ 
(VcE = 20 V, Pout = 0.5 W, f = 860 MHz, Ig = 0.22 A) 


Load Mismatch 
(VcE = 20 V, Pout = 1 W, IE = 0.22 A, f = 860 MHz, 
Load VSWR = oo:1, All Phase Angles) 


intermodulation Distortion, 3 Tone 
(f = 860 MHz, Vce = 20 V, IE = 0.22 A, Pref = 1 W, 
Vision Carrier = —8 dB, Sound Carrier = —7 dB, 
Sideband Signal = — 16 dB, Specification TV05001) 


Intermodulation Distortion (IDEM) 

(f = 860 MHz, VcE = 20 V, Ip = 0.22 A, Pref = 0.5 W, 
Vision Carrier = —8 dB, Sound Carrier = 10 dB, 
~Sideband Carrier = ~16 dB) 


f = 860 MHz : 
VcE = 20V 
Ic = 220mA 


Pout, OUTPUT POWER (WATTS) 


20 40 60 80 100 120 140 
Pin INPUT POWER (mW) 


Figure 1. Power Output versus Power Input 


DIVIDE MTTF BY Ic2 ' 
TO OBTAIN METAL LIFE 


0.01 


MTTF FACTOR (108 HRS. x AMP2) 


0.001 
80 100 120 140 160 180 200 


Ty, JUNCTION TEMPERATURE (°C) 
_ Figure 3. MTTF Factor versus Junction Temperature 


VBIAS VCE 


OUT 


500HM — 220 pF 


L=6turns ID = 1mm _ Wire diameter = 0.6 mm 
The lengths are given for f = 860 MHz 


Figure 5. 860 MHz Test Circuit 


No Degradation in 
Output Power 


SHIA 
\\ tac 


Figure 2. Large Signal Impedances 
VcE =.20 V—Ic = 220 mA 


Ic, COLLECTOR CURRENT (A) 


Vce, COLLECTOR-EMITTER VOLTAGE (VOLTS) 


Figure 4. DC Safe Operating Area 
VsuppLy = 20-25 V 


R4 
VCE 
Ri 
R1—1kohm. 
R2 — 330 ohm 
R3 — 4.7 kohm 
R4 — 10 ohm 1/2 W 
R5 — 50 ohm 


C— 100 F + 10 nF + 1 nF 
2N2904 


VBIAS 


Figure 6. Class A Bias Circuit 


MOTOROLA RF DEVICE DATA 


2-1311 


MOTOROLA 
TECH NICAL DATA 


TPV597 


The RF Line 
UHF Linear Power Transistor 


1 W — 470 to 860 MHz 


UHF LINEAR 


Sd i i VTVt po: mplifiers. Gold metallized dice 
... designed for 1 watt stages in Band V TV transposer ampli POWER TRANSISTOR 


and diffused emitter ballast resistors are used to enhance reliability, ruggedness and 
linearity. 

® Band IV and V (470-860 MHz) 

1 W — Pref @ —58 dB IMD 

20 V— Vcc 

High Gain — 11 dB Typ, Class A @ f = 860 MHz 

Gold Metallization for Reliability 


280 SOE 
CASE 244C-01, STYLE 1 


MAXIMUM RATINGS 

ee ON 

Total Device Dissipation @ Tc = 25°C i 19 
Derate above 25°C 0.11 WC 

t 


THERMAL CHARACTERISTICS 


OFF CHARACTERISTICS . 


[CallectorEmiter Beatdown Volage fg = ama ig= 0 | Wanceo | | — | = 
[callestor Sate Breakdown Vakage iG =2mAie= 6) | Weneao | «| — | 
-ColetorEmiter Breakdown Votage lc = 40 mA Rog =O) | Viaricer | #9 | — | — 

: meal 


Collector Cutoff Current (VcB = 28 V, IE = 0) ICBO 


ON CHARACTERISTICS 


[DC Curent Gainiic = a0dmAVeE=SvSSCSC~“~*‘“‘“dtSCS «dC 


DYNAMIC CHARACTERISTICS 


(continued) 


MOTOROLA RF DEVICE DATA 


2-1312 


TPV597 
ELECTRICAL CHARACTERISTICS — continued 


Characteristic 


FUNCTIONAL TESTS 


Common-Emitter Amplifier Power Gain 
(VcE = 20 V, Pout = 1 W, f = 860 MHz, Ie = 0.44 A) 


Load Mismatch 
(VcE = 20 V, Pout = 2 W, IE = 0.44A, f = 860 MHz, 
Load VSWR = o:1, All Phase Angles) 


Intermodulation Distortion, 3 Tone 
(f = 860 MHz, Vce = 20V, Ie = 0.44 A, Prog = 1 W, 
Vision Carrier = —8 dB, Sound Carrier = —7 dB, © 
Sideband Signal = —16 dB, Specification TV05001) 


Cutoff Frequency (Vcg = 20 V, Ip = 0.44 A) | 


Intermodulation Distortion (IDEM) 
(f = 860 MHz, VceE = 20 V, ig = 0.44A, Pret = 2 W, 
Vision Carrier = —8 dB, Sound Carrier = —10 dB, 
Sideband Signal = —16 dB) 


| f = 860 MHz 
VcE = 20V 
Ic = 440 mA 


Pout, OUTPUT POWER (WATTS] 


Pin, INPUT POWER (mW) 
Figure 1. Power Output versus Power Input 


Ic, COLLECTOR CURRENT (A) 


Ve, COLLECTOR-EMITTER VOLTAGE (VOLTS) 


Figure 3. Safe Operating Area 


MTTF FACTOR (106 HRS. x AMP2) 


[Sieber [win [tye [moe [Unie 


No Degradation in 
' Qutput Power 


0.2 Beer = 8 0.2 
0.5 10.1: f = 1GHz 


"Rs va 


Figure 2. Large Signal Impedances 
Vce = 20 V— Ic = 440 mA 


oO” 
pom 


NOTE: DIVIDE MTTF FACTORY BY Ic2 
TO OBTAIN METAL LIFE 


Qo 
Qo 
= 


0.001 


Ty, JUNCTION TEMPERATURE (°C) 


Figure 4. MTTF Factor versus Junction Temperature 


MOTOROLA RF DEVICE DATA 


2-1313 


TPV597 


VBIAS VCE. 


50 0 
ue ——) 
= we 
‘@. ‘ 
N 


] 
1 220 pF 


L = 6turns ID =1mm_ Wire diameter = 0.6 mm 
The lengths are given for f = 860 MHz 


Figure 5. 860 MHz Test Circuit 


0.8-10 pF 


VSUPPLY 


R4 


VCE 


2N2904 
VBIAS 


R5 
R1— 1 kohm 


R2 — 330 ohm 
R3 — 4.7 kohm 
R4 — 5.6 ohm 1/2 W 
R5 — 390 ohm 


C— 100 wF + 10 nF + 1nF 


Figure 6. Class A Bias Circuit 


MOTOROLA RF DEVICE DATA 


2-1314 


MOTOROLA 


aa SEMICONDUCTOR 
TECHNICAL DATA 


| TPvs98 
Advance Information | | | 


The RF Line | 
UHF Linear Power Transistor | UHF LINEAR 


POWER TRANSISTOR 


is 


.280 SOE 
CASE 244C-01, STYLE 1 


4 W — 470 to 860 MHz 


. designed for 4 watt stages in Band V TV transposer amplifiers. Gold metallized dice 
and diffused emitter ballast resistors are used to enhance reliability, ruggedness and 
linearity. 


® Band IV and V (470-860 MHz) 

4 W — Pref @ —60 dB IMD 

25V—Vcc . 

High Gain — 7 dB Min, Class A @ f = 860 MHz 
Gold Metallization for Reliability 


MAXIMUM RATINGS 


nr 
[coleordesevorage —SSSCSCSC~“‘“~*~*‘“‘~‘“~*~*~*~*~dYC( wo | 
a 
0 


THERMAL CHARACTERISTICS 


Characteristic 


Thermal Resistance, Junction to Case (Tc = 70°C) RgJc a ee 
Thermal Resistance, Case to Heatsink R@CcH 0.4 Typ | ecw 


ELECTRICAL CHARACTERISTICS 
Characteristic Symbol Min Typ Max Unit 


OFF CHARACTERISTICS 


ON CHARACTERISTICS 


DYNAMIC CHARACTERISTICS 


FUNCTIONAL TESTS 


Common-Emitter Amplifier Power Gain 
(VCE = 25 V, Pout = 4 W, f = 860 MHz, Ic = 850 mA) 


Intermodulation Distortion, 3 Tone 
(f = 860 MHz, Vcg = 25 V, IE = 850 mA, Pret = 4 W, 
Vision Carrier = —8 dB, Sound Carrier = —7 dB, 
Sideband Signal = — 16 dB, Specification TV05001) 


Cutoff Frequency (VcgE = 25 V, Ic = 850 mA) 


This document contains information on a new product. Specifications and information herein are subject to change without notice. : 


MOTOROLA RF DEVICE DATA 
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TPV598 


C8 RFC cg es 
Vee C10 
= T RFC + 
IN . L1 | L2} 13 | 3 OUT 
Ike rere Se u@ DUT 500 


C1 — VARIABLE 0.5-4.7 pF AIRTRONIC L1 — 502 line 6.2% Ag at 860 MHz 
C2, C3 — ATC 4.7 pF L2 — 502 line 4.2% Ag at 760 MHz 
C4 — ATC 10 pF + VARIABLE 0.5-4.7 pF AIRTRONIC L3 — 502 line 4.9% Ag at 860 MHz 
C5 — ATC 10 pF + ATC 5.6 pF L4 — 202 line 6.5% Ag at 860 MHz 
C6 — ATC 18 pF + 0.5-4.7 pF VARIABLE AIRTRONIC 15 — 500 line5 % Ag at 860 MHz 
C7 — 470 pF CHIP CAPACITOR L6 — 202 line 9.5% Ag at 860 MHz 
C8 — 1nF + 10 nF DECOUPLING L7 — 4Qline8 %Ag at 860 MHz 
C9—1nF + 10 nF + 0.1 wF + 10 wF L8 — 550 line 7.5% Ag at 860 MHz 
C10 — 10 nF + 1 uF + 10 uF L9 — 7.50 line 8 % Ag at 860 MHz 

L10 — 100 2 line 8 % Ag at 860 MHz 
RFC = 8turns ID2.5 mm Wire = 0.6mm L11— 200 line8 % Ag at 860 MHz 

_ +VSUPPLY 


22.0, | VCE 


1N4148 


Figure 2. Class A Bias Circuit 
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MOTOROLA 


TECHNICAL DATA 


The RF Line ‘TPV657 | 


UHF Linear Power Transistor 


... designed for high power stages in Band V TV transposer amplifiers. Gold metallized 6 W — 470 to 860 MHz 
dice and diffused emitter ballast resistors are used to enhance reliability, ruggedness UHF LINEAR 

and linearity. | | POWER TRANSISTOR 
® Band IV and V (470-860 MHz) 

@ 6 W — Pref @ —58 dB IMD 

e 25V—Vcc 

® High Gain — 9 dB Typ, Class A @ f = 860 MHz 
@ Push-Pull Package 


MAXIMUM RATINGS 


Collector Current — Continuous | arn Ic 
J 


a 
Total Device Dissipation @ Tc = 70°C hs oe ee 
Derate above 70°C 


THERMAL CHARACTERISTICS 


_ OFF CHARACTERISTICS 
[CollectorEmiter Breekdown Vokage ic = 20mAtg=0) | Wemceo | 7 | — | — | va 

FCottectorEmiver Breokdown Votege lc = 20mA Age = 819) | Vienicen | #0 | — | — | Vee 

Collector Cutoff Current (Vcp = 20 V, IE = 0) | icpeo | — | — | 5 | 


ON CHARACTERISTICS 


DYNAMIC CHARACTERISTICS 


(continued) 
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TPV657 


~” ELECTRICAL CHARACTERISTICS — continued — 


Characteristic 


FUNCTIONAL TESTS 


Common-Emitter Amplifier Smail-Signal Gain 
(VcE = 25 V, Pout = 6 W, f = 860 Mkz, Ic = 1.7 


Intermodulation Distortion, 3 Tone 
(f = 860 MHz, Vce = 25 V, IE = 1.7A, Pref = 6 W, 
Vision Carrier = —8 dB, Sound Carrier = —7 dB, 

Sideband Signal = — 16 dB, Specification TV05001) 
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Ic = 2x 850 mA 
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Figure 1. S21 Parameter versus Frequency Figure 2. S22 Parameter versus Frequency 
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Figure 3. S11 Parameter versus Frequency Figure 4. S12 Parameter versus Frequency 
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MOTOROLA RF DEVICE DATA 
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TPV657 


RF INPUT 
502 


t 
’ 


90Q 40 mm 


C1 


; PRINTED BALUN : 
 50Q (2X 25Q) 


=— C2 


C1 — CAPACITOR CHIP 100 pF 5% . 
C2 — CAPACITOR CHIP 3.3 pF 5% 
C3 — CAPACITOR AJUST 0.1-4 pF. 
+CAPACITOR CHIP 1 pF 
C4 — CAPACITOR CHIP 10 pF 
+ CAPACITOR AJUST 0.1-4 pF 
C5 — CAPACITOR CHIP 180 pF 
C6 — CAPACITOR CHIP 4.7 pF 
+ CAPACITOR AJUST 0.1-4 pF 
C7 — CAPACITOR CHIP 1 pF 
C8 — CAPACITOR CHIP 47 pF 


Rib—0.101W 

R2 — 270 W 1/4 W 

R3 — 4.7 0.1/4 W 

R4— 6.80 1/4W 

R5 — 330 0 1/4 W 

R6— 150 1/44W 

R7 — 2.2 kQ 1/4 W 

R8 — 2.2 kQ 1/4 W 

R9— 1kQ 1/4 W 

P1 — 5 kO 10 turns 

C1 — 1 nF ceramic capacitor 
C2 — 1 nF ceramic capacitor 
D1 — Zener Diode 4.7 V 

T1, T2 — BC557 

T3 — 2N2219 


4.7Q C9 


ean ae = ¢ L-w-f - : Jo.1pF.+ [1ouF 
KF J0.1uF ) , : : 


pall : 4.79 Jt + 
= = Ae hob 
ae Be 3|5 "|" : 
7 a lop} Tap) : 
= ; C8 RF OUTPUT 
a 7 : *{50Q 10 mnp-9-750Q 23 mny4 | MARL SOE ASE Se cae 
? a: 
a aim | ; : | ; PRINTED BALUN ; 
== Ga C4 == WZ TPVES7 C6== C7 ==: 500 (2x 252) 
, 4. S322 2 mm}e{500 10 ma}-508 23 map |: 
4 4 : oa 
E | a 
Ag T : & Est, & _— Ee 4, 
a » fale Ge se of 
+]10uF Jo.1uF Sh eee a tia 
, i ; o—| , O.1pF + |10pF 
4.79 ’ y 
Vb2 - 
== 360 pF VVc2 
vo 
Figure 5. Wideband Amplifier _ CLASS A CONDITIONS (25 V — 2 x 850 mA) 
470 / 860 MHz 
9 dB GAIN 
~60 dB IMD @ 6 W ref (—8 dB/—16 dB/—7 dB) 
Vec | a Ve 
0 AA A 
D1 R3 
, Vbb | 
“TQ: > : Vcc = 25.V 
; Ic = 1.7A. 
| Vbb = 5 V 
Vee =0V 
R5 R6 (7) 
Vb 


C1 Sa7 Ses C= SR Ve 


Vee om . 
I I mr if th, ah L 


Figure 6. Class A Biasing Circuit 
(one for each side of the push-pull transistor) 
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TPV657 


Vb1 


RF INPUT 
502 


C1-C9 
C2-C4-C7 
C3-C5-C6-C8 
°C11-C15 
C12-C16 
C10 
C13-C17 
C14-C18 
R1+L7 
L1-L9 
L2 
L3 
L4 
L5 
L6 
L8 


| CAPACITOR CHIP 100PF 5%| 


C11 C12 C13 C14 


Tits 


C15 C16 C17 C18 


“TT Tr 


C10 


R1 = 
| > 18. 
L7 < : | C9 
pL2q U3 ALAR cs | No | 
SNCS CARPE CSS OF C8 RF OUTPUT 
aes SAT K Co 208 
| C 3. yfeb ts 2 
L7" =} TPV657 
, =x 1 8' 


COMPONENTS LIST 


REF. MARK DESCRIPTION REFERENCY SUPPLIER 


CAPACITOR CHIP 82 PF 5% 
CAPACITOR CHIP 4.7 PF 5% 
CAPACITOR AJUST.1-4PF | 
CAPACITOR CHIP 1nF 
CAPACITOR CHIP 0.1pF 


100A820JP50 
100A4R7DP50 
GKU 4R0 
0805 
VJ0907Y104MH 
100A101JP50 
0805 
Cost 
SFR 25 
AE50070 
PRINTED LINE 
PRINTED LINE 
“PRINTED LINE 
~ PRINTED LINE 
PRINTED LINE 
WIRE @ 1MM 


AIC 
PYRECAP 
SPRAGUE 

VITRAMON 

ATC 
SPRAGUE 
SICSAFCO 

RTC 

SEALECTRO 


CAPACITOR CHIP 15nF 
CAPACITOR 10uF 40V 
102 1/4 W 
502 COAXIAL CABLE 29MM 
520 STRIPLINE L=3MM 
52Q STRIPLINE L=12MM 
39Q STRIPLINE L=8MM 
39Q STRIPLINE L=14MM 
390 STRIPLINE L=18MM 
1 TURN WIRE ID : 4 MM 


Figure 7. 860 MHz Test Circuit 
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- BIAS CIRCUIT 


evercer, 


Vee (Ground) 
Vec (25 V ) 
( 


Vbb ( 5V) Figure bi Layout for Wideband Ampiner 


L=126 mm 


s 


2 


(Not to Scale) 


Figure 9. Test Circuit 
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MOTOROLA 
= SEMICONDUCTOR = 
TECHNICAL DATA 


Advance Information 
The RF Line 
HF Linear Power Transistor 


1.8 W — 470 to 860 MHz 
UHF LINEAR 
POWER TRANSISTOR 


... designed for 2 watt stages in Band V TV transposer amplifiers. Gold metallized dice 
and diffused emitter ballast resistors are used to enhance reliability, ruggedness and _ 
linearity. - —_ : | 

® Band IV and V (470-860 MHz) 

1.8 W — Pref @ —60 dB IMD 

25V—Vcc 

High Gain — 10 dB Typ, Class A @ f = 860 MHz 


280 SOE 
CASE 244C-01, STYLE 1 


MAXIMUM RATINGS 


THERMAL CHARACTERISTICS sy : | 


Thermal Resistance, Junction to Case _ Resc Ho ee OW 


ELECTRICAL CHARACTERISTICS | —_ | 


PCCharacteite——SS*«dCSvmibot | Min [tv | Mor “| Unt‘ 
OFF CHARACTERISTICS oe a | | Ro 

[ CallectorEmiter Breakdown Volage (c= 10mAlg=0) | Vanco | # [| — | — | vee _| 
Emitter-Base Breakdown Voltage (IE = 5 mA, Ic = 0) 2" | | verso | 4 | 6 | Vde 


ON CHARACTERISTICS 


[0c Curent Gain ic = 250A VeE=svSCSC~“‘*‘“‘*dSCSSC*YSC 


DYNAMIC CHARACTERISTICS | 
FUNCTIONAL TESTS 


Common-Emitter Amplifier Power Gain 
(VcE = 25 V, Poyt = 1.8 W, f = 860 MHz, Ic = 500 mA) 


Intermodulation Distortion, 3 Tone 


(f = 860 MHz, VcE = 25 V, Ie = 500 mA, Pref = 1.8 W, 
Vision Carrier = —8 dB, Sound Carrier = ~—7 dB, 
Sideband Signal = —16 dB, Specification TV05001) 


This document contains information on a new product. Specifications and information herein are subject to change without notice. 


MOTOROLA RF DEVICE DATA 


2-1322 


MOTOROLA 
a SEMICONDUCTOR @& 
TECHNICAL DATA 


bP ie kt ty -TPV695A 
Advance Information ieee Oe 
The RF Line — oo | _ 

UHF Linear Power Transistor 


8 : designed for driver and output stages in band IV and V TV transposers and transmit- 
ter amplifiers. The TPV695A uses gold metallized die with diffused emitter ballast resis- 
tors to enhance reliability, ruggedness and linearity. 


@ Band IV and V (470-860 MHz) 

@® 25V—Vcc 

@ High Gain — 10 dB Min, Class A, f = 860 MHz 
®@ Gold Metallization for Reliability 

@ Push-Pull Package 


25 V — 470-860 MHz 
UHF LINEAR | 
POWER TRANSISTOR 


MAXIMUM RATINGS 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


ELECTRICAL CHARACTERISTICS 


a 


OFF CHARACTERISTICS 


Collector Cutoff Current (Vcgp = 19 V, IE = 0) 


ON CHARACTERISTICS 
DYNAMIC CHARACTERISTICS 


(continued) 


This document contains information on a new product. Specifications and information herein are subject to change without notice. 
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ELECTRICAL CHARACTERISTICS — continued 


Characteristic 


FUNCTIONAL TESTS 


Common- Emitter Amplifier Power Gain 
(VcE = 25 V, Pout = 14 W, f = 860 MHz, Ic = 2 x 900 mA) 


Overdrive (no degradation) 
(f = 470 MHz, VcE = 25 V, Ic = 2 x 900 mA) 


intermodulation Distortion, 3 Tone 
(f = 860 MHz, VceE = 25 V, IE = 2 x 900 mA, Pref = 14 W, 
Vision Carrier = —7 dB, Sound Carrier = —8 dB, 
Sideband Signal = —16 dB, Specification TV05001) 


‘MOTOROLA RF DEVICE DATA 


2-1324 


MOTOROLA | | 7 
a SEMICONDUCTOR Sox 
TECHNICAL DATA : es 


Advance Information 
The RF Line | | 
UHF Linear Power Transistor 


... specifically designed for high power vision or sound TV amplifiers operating Class 
AB in Band IV and V. The TPV695B incorporates push-pull package technology, gold . 
metallized dice with diffused emitter ballast resistors to enhance reliability, ruggedness 
and linearity. . - : 


® Band IV and V (470-860 MHz) 

© 30 W — Pout 

® 26V—Vcc 

® High Gain — 9.5 dB Typ, Class AB, @ f = 860 MHz 
@ Push-Pull Package 


TPV695B 


30 W — 470-860 MHz 
_-UHF LINEAR 
_ POWER TRANSISTOR 


CASE 395-01, STYLE 1 
MAXIMUM RATINGS 


ating Tito value ae 
[EmiterBase Vonage SSSC~*~“~“~*~—*~*~S*S~SS wo] C*dC 
Golletor Gurrent—Continuous——SSSSCSC~“~*~s*‘“~*~*dCSCSCSC‘dSC‘“‘C™SNWWCOC~*#déC~C*e—+ 
THERMAL CHARACTERISTICS | 

Characteristic SSS~S~*~*~iC«R mt | 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 


[SSCSCharactovitis «| Svmbot “[ Min | Typ | Max [Unit 
OFF CHARACTERISTICS (Note 1) as oe 
Viena 42 84 | Neer 


Emitter-Base Breakdown Voltage (ip = 5 mA, ic = 0) 
Collector-Emitter Breakdown Voltage (Ic = 20 mA, Rpg = 75 2) V(BR)CER ee ee ee 


ON CHARACTERISTICS (Note 1) 


DC Current Gain (i¢ = 500 mA, Vcg = 10 V) he | 2 | — | to | — | 


DYNAMIC CHARACTERISTICS (Note 1) 
FUNCTIONAL TESTS (Note 2) . 


Common-Emitter Amplifier Power Gain 
(VcE = 26 V, Poyt = 30 W, f = 860 MHz, Ig = 2x 50 mA) 


Collector Efficiency 
(VceE = 26 V, Pout = 30 W, f = 860 MHz, Ig = 2 x 50 mA) 


Output Power, 1 dB Compression Point 
(VcE = 26 V, f = 860 MHz, IQ = 2 x 50 mA, Preg = 10 W) 


Notes: 1. Each transistor chip measured separately. 
2. Both transistor chips operating in a push-pull amplifier. 


This document contains information on a new product. Specifications and information herein are subject to change without notice. 
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MOTOROLA 


SEMICONDUCTOR =e 
TECHNICAL DATA 


Advance Information TPV698 
The RF Line 


UHF Linear Power Transistor 


4 W — 470 to 860 MHz 


: i : : INEA 
... designed for 4 watt stages in Band V TV transposer amplifiers. Gold metallized dice sive THAR GISTOR 
and diffused emitter ballast resistors are used to enhance reliability, ruggedness and 
linearity. . 


@ Band IV and V (470-860 MHz) 

4 W — Pref @ —54 dB IMD 

25V—Vcc 

High Gain — 9 dB Typ, Class A @ f = 860 MHz 
Gold Metallization for Reliability 


.280 SOE 


CASE 244C-01, STYLE 1 
MAXIMUM RATINGS 


Collector-Emitter Voltage VCEO 
Collector-Base Voltage VCBO et er Vdc 


Emitter-Base Voltage VEBO 
Operating Junction Temperature 
Storage Temperature Range -~65 to +200 


THERMAL CHARACTERISTICS 
ee 


Thermal Resistance, Junction to Case (Tc = 70°C) ReJc 5 
Thermal Resistance, Case to Heatsink R@CH 0.4 Typ °C/W 


ELECTRICAL CHARACTERISTICS 
Characteristic Symbol Min Typ Max | Unit 


OFF CHARACTERISTICS . 
Collector-Emitter Breakdown Voltage (Ic = 20 mA, Ip = 0) V(BR)CEO 


Collector-Base Breakdown Voltage (Ic = 50 mA, IE = 0) V(BR)CBO 


Emitter-Base Breakdown Voltage (IE = 5 mA, Ic = 0) V(BR)EBO 
ON CHARACTERISTICS 


DYNAMIC CHARACTERISTICS 


FUNCTIONAL TESTS 


Common-Emitter Amplifier Power Gain 
(VcE = 25 V, Pout = 4 W, f = 860 MHz, Ic = 850 mA) 


Intermodulation Distortion, 3 Tone 

(f = 860 MHz, VcE = 25 V, IE = 850 mA, Pref = 4 W, 
Vision Carrier = —8 dB, Sound Carrier = —7 dB, 
Sideband Signal = — 16 dB, Specification TV05001) 


Cutoff Frequency (VcgE = 25 V, Ic = 850 mA) 


This document contains information on a new product. Specifications and information herein are subject to change without notice. 
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MOTOROLA 
ms SEMICONDUCTOR mum 
TECHNICAL DATA 


‘TPV3100 
The RF Line es 
VHF Linear Power Transistor 


... designed for linear, push-pull amplifiers in VHF Band Ill. The TPV3100 utilizes gold 
metallization, diffused emitter ballast resistors and a low thermal resistance header to 
ensure long term reliability. a 


Band Ill (170-230 MHz) 

28 W — Pref @ —51 dB IMD 

28 V—Vcc 

High Gain — 14 dB, Class A @ f = 225 MHz 
Push-Pull Package | 
Gold Metallization for Reliability 


28 V — 170-230 MHz 
; VHF LINEAR 
_ POWER TRANSISTOR 


MAXIMUM RATINGS : . 


Storage Temperature Range —65 to +200 


THERMAL CHARACTERISTICS _ . 


Thermal Resistance, Junction to Case (Tc = 70°C) R6gJc a ee ee 


ELECTRICAL CHARACTERISTICS 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage (Ic = 50 mA, Ip = 0) V(BR)CEO 


ene | 
Collector-Base Breakdown Voltage (Ic = 50 mA, IE = 0) V(BR)CBO 
Emitter-Base Breakdown Voltage (le = 5 mA, Ic = 0) V(BR)EBO 
Collector-Emitter Breakdown Voltage (Ic = 50 mA, Rpg = 15 Q) ViBR)CER 


ON CHARACTERISTICS 


DYNAMIC CHARACTERISTICS 


Output Capacitance (Veg = 28Vile=Of=1MH | co =| — | oo | ~ | om | 


60 


(continued) 
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TPV3100 


ELECTRICAL CHARACTERISTICS — continued 
FUNCTIONAL TESTS . 


Common-Emitter Amplifier Small-Signal Gain 
(Vce = 28 V, Pout = 28 W, f = 225 MHz, Ic = 2 x 2.25 A) 


Load Mismatch 
(VcE = 28 V, Poyt = 28 W, f = 225 MHz, 
Load VSWR = o:1, All Phase Angles) 


No Degradation in 
Output Power 


Intermodulation Distortion, 3 Tone 
(f = 225 MHz, Vce = 28 V, Ip = 2x 2.25A, Pref = 28 W, 
Vision Carrier = —8 dB, Sound Carrier = —7 dB, 
Sideband Signal = —16 dB, Specification TV05001) 


Output Power, 1 dB Compression Point 
(VcE = 28 V, f = 225 MHz, Iq = 2 x 100 mA, Pref = 28 W) 


S 
Fe z 

fe E 

e = 

ra) ti 

z = 

2 = 

Ss 5 

B = 

oO — 

= hie Vee = 28V 

= Re Ic = 2x2.25A 
a fo = 225 MHz 
= 

0 1 2 3 
Pout, OUTPUT POWER (WATTS) . | | P;,, INPUT POWER (WATTS) 
Figure 1. IMD versus Output Power Figure 2. Output Power versus Input Power (CW) 


Class A Large Signal Impedances 


[temic [Zin (Ohms) | 2hogg (Ohms) 


NOTES: Vce = 28V ic = 2x2.25A 
Zin: Values for optimum input return loss. 
ZLoad: Values for best IMD at 28 W ref. 


MOTOROLA RF DEVICE DATA 


2-1328 


TPV3100 


TPV3100 


Li, L8 — 80 mm teflon coaxial cable 50 ohms 
L2, L7 — 80 mm teflon coaxial cable 25 ohms 
L3 — 25 mm line W = 1.5 mm on substrate 
L4— 5 mm line W = 1.5 mm on substrate 

L5 — 5 turns dia 5 mm, 0.8 mm wire, L = 5mm 
L6 — 33 mm line W = 2 mm on substrate 

L9 — 10 turns dia 3 mm, 0.5 mm wire 


C1, C2 — 4700 pF chip capacitor 
C7, C8 — 4700 pF chip capacitor 
C3 — 68 pF chip capacitor 
C4 — 100 pF chip capacitor 

'C5 — 220 pF + 22 pF chip capacitor 
C6 — 33 pF chip capacitor 
C9, C11 — 1000 pF + 10 nF + 0.1 uF chip capacitor 
C10 — 1000 uF 5 V . 
C12 — 1000 uF 6 V 
C13, C14 — 0.1 uF chip capacitor substrate teflon-glass 1/50 inch. 


Figure 3. 225 MHz Test Fixture 


1N4007 


1kQ 


1kQsg 


_+VsUPPLY 


100Q 3W 


VBB 


Figure 4. Biasing Circuit 
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TPV3100 


CLASS AB TYPICAL VALUES 


i cena acme | 


| 


Pout, OUTPUT POWER (WATTS) 
me COLLECTOR EFFICIENCY (%] 


f, FREQUENCY (MHz} f, FREQUENCY (MHz) 


Figure 5. Output Power versus Frequency Figure 6. Collector Efficiency versus Frequency 


DIVIDE BY Ic2 TO OBTAIN 
METAL LIFETIME IN HOURS 


1000 


Class AB Large Signal Impedances ? 


(MHz) (Q) (Q) 


NOTES: Vce = 28 Volts Ig = 2x 100 MA Poyt = 100 W 
— Zjpn values to get optimum input return loss 
— ZLoad Values to get optimum output power and efficiency 


100 


MTTF FACTOR (106 HRS. x AMP2) 


10 | 


Ty, JUNCTION TEMPERATURE (°C) 


Figure 7. MTTF versus Junction Temperature 
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TPV3100 


> +Vcc 


15 k 
1N4007 


L1, L9 — 50 ohms coaxial 1 = 80 mm C1 — 68 pF ATC 100B 

L2, L3, L8— 25 ohms coaxial cable or semi-rigid 1 = 80 mm C2 — 100 pF ATC 100B 

L4 — 40 ohms line 2.5% of Ag 225 MHz or 1 = 23 mm sub 1/50 inch teflon glass C3 — 220 pF ATC 100B 

L5 — 40 ohms line 65% Ag 225 MHz or 1 = 6mm C5 — 27 pF + 33 pF ATC 100A 

L6 — 3 turns ID 4 mm wire 1 mm @ leads 5 mm long C6,C7 — 1 nF + 10 nF + 0.1 uF + electrolytic 
L7 — 40 line 3.5% Ag 225 MHz or 1 = 32 mm 1/50 teflon glass 

L10 — 11 turns ID 4 mm wire 1 mm @ L4 has to be adjusted for Gain 

L11 — 0.22 wH molded inductor L6 and L7 have to be adjusted for the best lead 


Figure 8. 170-230 MHz Broadband Amplifier, Class AB 


www DENOTES GROUNDING FOIL 


Figure 9. Components Layout 
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MOTOROLA 
SEMICONDUCTOR = 


TECHNICAL DATA 


The RF Line | | TPV3250B 


VHF Linear 
Power Transistor 


240 W — 230 MHz 
VHF LINEAR 
POWER TRANSISTOR 


... designed for 32 Volt VHF large signal amplifier applications requiring linearity. Inter- 
nal input matching and use of push-pull packaging technology makes the TPV3250B 
ideally suited for band II] (170-230 MHz) TV transmitter amplifiers. 


Band Ill (170-230 MHz) 
240 WwW => Pout 
32 V— Vcc: 


High Gain — 10 dB Min, Class AB 
Push-Pull Package 
Gold Metallization for Reliability 


CASE 397-01, STYLE 1 


MAXIMUM RATINGS 


ing dS Nae 
[smiterBate Votage —~=~S~C~*~“‘“~*~S*S*‘“‘“‘<“<;*‘~*~rC( BC 
; W. 
00 “C 
“GC 


Total Device Dissipation @ Tc = 25°C oe ae ee 
Derate above 25°C © ; | 1.82 LC 
[Operating luncion Tomperure ——SsSC*=“‘“‘CS*™S*™S™~™~dSCéSSSCdSC“‘éOOONCC 
| Storage TemperatureRange Tt | 85to +200 | 
THERMAL CHARACTERISTICS 
Characters SSSS~*dtSCS bot | Mo 
Thermal Resistance, Junction to Case . 


ELECTRICAL CHARACTERISTICS 


OFF CHARACTERISTICS a | 

cols rite rekdown Voape WG = Twa g= W | Weneso |_| =] =] ve 

calectr-See Breakdown Votape fg = 100m =0 | Waniego |e [=| =| ver 
Emitter-Base Breakdown Voltage (Iz = 20 mA, Ic = 0) vierieso | 4 | — | — | Vdc | 


ON CHARACTERISTICS 
DC Current Gain (Ic = 1A, VcE = 10 V) 


DYNAMIC CHARACTERISTICS 
FUNCTIONAL TESTS 


Common-Emitter Amplifier Power Gain GpE 10 
(VCE = 32 V, Poyt = 240 W, f = 230 MHz, iq = 2x0.5A)., 

Collector Efficiency ; Nc % 
(VCE = 32 V, Poyt = 240 W, f = 230 MHz, Iq = 2x 0.5 A) : 
Output Power, 1 dB Compression Point Po1 dB 240 WwW 

(VCE = 32 V, f = 230 MHz, Iq = 2x 0.5 A) 
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MOTOROLA 


mi SEMICONDUCTOR 
TECHNICAL DATA 


Advance Information TPV5051 © 


The RF Line | 
UHF Linear Power Transistor 
| | 50 W — 470 to 860 MHz 


. specifically designed for high power vision or sound TV amplifiers operating Class .  UHF LINEAR | 
AB in Band IV and V. The TPV5051 incorporates push-pull package technology, gold POWER TRANSISTOR 
metallized dice with diffused emitter ballast resistors to enhance reliability, ruggedness ——s 
and linearity. 


e Band IV & V (470-860 MHz) 

@ 50 W — Pout, Class AB 

@ 28V—Vcc 

@ Push-Pull Package 

@ Gold Metallization for Reliability 


MAXIMUM RATINGS | 
——— 
[coleetor Curt — Continuous ———SSSCSCSCS~C~S~SCS~S 
[oor Jn Forges 


THERMAL CHARACTERISTICS 


ELECTRICAL CHARACTERISTICS 


Characteristic 


OFF CHARACTERISTICS (Note 1) 
Collector-Emitter Breakdown Voltage (Ic = 60 mA, Ip = 0) V(BRICEO 


Collector-Base Breakdown Voltage (Ic = 20 mA, Ig = 0) V(BR)CBO 


Emitter-Base Breakdown Voltage (le = = 6 mA, Ic = 0) V(BR)EBO 
Collector-Emitter Breakdown Voltage (Ic = 10 mA, RBE = 502) enICER 


Collector Cutoff Current (VcE = 28 V, IB = 9 ICEO 


ON CHARACTERISTICS (Note 1) 


ee a era ne 


DYNAMIC CHARACTERISTICS (Note 1) 


Output Capacitance (Veg = 28 V, le = 0, f = 1 MHz) ee ae 


Note 1. Each transistor chip measured separately. (continued) 


This document contains information on a new product. Specifications and information herein are subject to change without notice. 
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TPV5051 


ELECTRICAL CHARACTERISTICS — continued 
ee 
FUNCTIONAL TESTS (Note 2) 


Common-Emitter Amplifier Power Gain 
(VcE = 28 V, Pout = 50 W, f = 860 MHz, IQ = 2 x 50 mA) 


Collector Efficiency 
(VCE = 28 V, Poyt = 50 W, f = 860 MHz, IQ = 2 x 50 mA) 


Load Mismatch 
(VcE = 25 V, lq = 2x 50 mA, Pout = 30 W, f = 860 Mz, 
Load VSWR = 10:1, All Phase Angles) 


No Degradation in 
Output Power 


Note 2. Both transistor chips operating in push-pull amplifier. 


+Vcc (28 V) 
) 


OUTPUT 


TPV5051 


L9, L10 — 0.05 A @ 665 MHz, Zp = 37.0 C22, C23 — Capacitor, Electrolytic 100 uF 

L13, L14 — 0.0156 A @ 665 MHz, Zp. = 500 C24 — Capacitor, Electrolytic 10 uF 
_£11,.L12 — 0.014 A @ 665 MHz, Zp = 500 

L16, L17 — 0.13 4 @ 665 MHz, Zp = 502, R1 — Resistor 1/2 W 1 kQ 

R2 — Resistor 0.1.0 1% 

C1, C2 — Capacitor Chip 15 pF 5% R3, R5 — Resistor 1/2 W 100 0 

C3 — Capacitor Chip 5.6 pF 5% R4 — Resistor 1/2 W 33 0 

C4, C8 — Capacitor Ajust. 1-4 pF R6 — Resistor 1/4 W 10 0 

C5 — Capacitor Chip 22 pF 

C6 — Capacitor Chip 12 pF 5% Li — Bifilar Inductor 
-C7 — Capacitor Chip 4.7 pF 5% ~  L2, L8 — Inductor, Molded 0.47 «H 

Cg, C10, C13, C15 — Capacitor Chip 330 pF L5 — Inductor 

C11, C12, C14, C20 — Capacitor Chip 0.1 uF L6, L7 — Cable, Coaxial 25 2 

C16, C17 — Capacitor Chip 100 pF 10% L8 — Bifilar Inductor 

C18, C21 — Capacitor Chip 15 nF 

C19 — Capacitor Chip 1 nF T1 — Transistor BD135 


Figure 1. 860 MHz Test Circuit 
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MOTOROLA 
m= SEMICONDUCTOR @ 
TECHNICAL DATA 


The RF Line TPV5055B 


UHF Linear Power Transistor 


. designed for output stages in Band IV & V TV transmitter amplifiers. Internal match- 50 W — 470 to 860 MHz 
ing of both input and output along with use of a push-pull package configuration aids UHF LINEAR 
broadband amplifier designs. POWER TRANSISTOR 

Gold metallized dice with diffused emitter ballast resistors enhances reliability, rug- 
gedness and linearity. 


@ Band IV & V (470-860 MHz) 

© 50 W — Pout, Class AB 

® 28V—Vcc 

@ Push-Pull Package 

© Gold Metallization for Reliability 


MAXIMUM RATINGS 


THERMAL CHARACTERISTICS 


Characteristic 
Thermal Resistance, Junction to Case 


ELECTRICAL CHARACTERISTICS 


a ene es ee 


OFF CHARACTERISTICS 


_[[eolestrsmiter Breakdown Vokage ic = 40mAle=0) | Vemceo | 2 | — | — | va 
colstrese Breakdown Vonage ic = 20mAle=0) | Vignicgo | «© [=| — | var _ 
erie sratswnvotase r= EmAle= 0) | Vanesa [+ 


ON CHARACTERISTICS 

CSCS or eS BSS ea Se ees AE! 
DYNAMIC CHARACTERISTICS 

ouput Copestance Wem = 2Wie=Of= ime | tw» | — | | — | »F 
FUNCTIONAL TESTS 


Common-Emitter Amplifier Power Gain 
(VcE = 28 V, Pout = 50 W, f = Aceh puts ca = = 2 x 200 mA) 


Collector Efficiency 
(VCE = 28 V, Pout = 50 W, f = 860 MHz, Ico : = 2 x 200 mA) 


Output Power, 1 dB Compression Point 
(VcE = 28 V, f = 860 MHz, Icq = 2 x 200 mA, Pref = 12.5 W) 


MOTOROLA RF DEVICE DATA 


2-1335 


28V Icg = 2x 200 mA 
FREQUENCY: 470-860 MHz 


TYPICAL BROADBAND RESULTS 


Vcc 


TPV5055B 
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MOTOROLA RF DEVICE DATA 
2-1336 


TPV5055B 


RF 
INPUT 
500 


L1 — 50 2 Printed Line 

L2 — 50 2 Printed Line 
L3 —- Coaxial Cable 50 2 85 mils L = 75 mm 
L'3 — 70 © Printed Line; Length 75 mm 
L4 — 25 2 Printed Line; Length 2 mm 
L5 — 35 {© Printed Line; Length 22 mm 
L6 — 35 2 Printed Line; Length 12 mm 
L7 — 35 2 Printed Line; Length 2 mm 
L8 — 25 2 Printed Line; Length 8 mm 
L9 — 25 0 Printed Line; Length 16 mm 
L10 — 25 © Printed Line; Length 7 mm 
L11 — 35 © Printed Line; Length 15 mm 
L12 — 35 © Printed Line; Length 15 mm 


| +Vec 


C16 C15 ee | eee C14 
Ts 
L9 =Li0—L11 L12 L"13 


OUTPUT 
500 


28 V 2 x 200 mA 


C7 — Chip Capacitor 18 pF ATC 100A180DP50 

C8 — Chip Capacitor 6.8 pF ATC 100A6R8CP50 

C9 — Trimmer Capacitor 0.5/4 pF Ref. 37275 TEKELEC 
C10 — 6 mm Coaxial Line 50 2 Dia. 070 | 

C11 — Trimmer Capacitor 0.5/4: pF Ref. 37275 TEKELEC 
C12 — Chip Capacitor 100 pF ATC 100A101JP50 

C13 — Chip Capacitor 100 pF ATC 100A101JP5 

C14 — Chip Capacitor 1 nF j 

C15 — Chip Tantalum Capacitor 6.8 uF 35 V 

C16 — Capacitor 100 uF 40 V 


L13 — Coaxial Cable 50 0 85 mils L = 75 mm 
L'13 — 70 © Printed Line; Length 75 mm 
L"13 — 70 © Printed Line; Length 75 mm 

L14 — 40 2 Printed Line; Length 7 mm 


S1— 4 Turns Wire 0.8 mm ID 3 mm 
$2 — 4 Turns Wire 0.8 mm ID 3 mm 


C1 — Chip Capacitor 190 pF ATC 100A101JP50 

C2 — Trimmer Capacitor 0.5/4 pF Ref. 37275 TEKELEC 
C3 — Chip Capacitor 1.3 pF ATC 100A1R3BP50 

C4 — Trimmer Capacitor 1-4 pF GKU 4RO C17 — Chip Capacitor 100 pF ATC 100A101JP50 

C5 — Chip Capacitor 5.6 pF ATC 100A5R6CP50 RF Substrate, Teflon Glass 1/50 inch 35 wu 

C6 — Trimmer Capacitor 0.5/4 pF Ref. 37275 TEKELEC Note: L3 & L13 soldered on 700 printed line L'3/L'13 


Figure 6. 470-860 MHz Test Circuit, Class AB 


Vcc 
a aaa 
R1 
R2 
D1 


D2 T C2 Ci 


Rib — 2.2 kQ 1/4 W 

R2b — 1.5 kQO 1/4 W 

R3b — 15 0 3.W SFERNICE 

R4b — 1k. 1/4 W 

R5b — 47 0 1/2 W 

R6b — 150 2 1/4 W 

Tib — Transistor BC337 

T2b — Transistor BD135 fixed on the heatsink 

Dib — Zener Diode 9.1 V 

D2b — Diode 1N4007 (fixed in the heatsink 
next to the RF Transistor Flange) 


_ Cib — 22 pF 35 V Tantalum Capacitor 
C2b — 6.8 uF 35 V Tantalum Capacitor + 1 nF Chip Capacitor 
C3b — 6.8 pF 35 V Tantalum Capacitor 
C4b — 1 nF Chip Capacitor 
C5b — 100 pF ATC 100A101JP50 
P1b — 500 © Trimmer 
L1b — 10 Turns Wire g 30/100 around R6 


Figure 7. Bias Circuit, Class AB 


R5b C4b T2b 


Figure 8. PC Board Layout 
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MOTOROLA 


TECHNICAL DATA 


Tne RFE Line | | | TPV6080B 
UHF Linear Power Transistor 


. designed for output stages in Band IV & V TV transmitter amplifiers. Internal match- 80 W — 470 to 860 MHz 
ing of both input and output along with use of a push-pull package configuration aids UHF LINEAR 
broadband amplifier designs. POWER TRANSISTOR 

Gold metallized dice with diffused emitter ballast resistors enhances reliability, rug- 
gedness and linearity. 


@ Band IV & V (470-860 MHz) 


® 80 W — Pout, Class AB @ f = 860 MHz | 

@ 90 W — Pout, Class AB @ f = 650 MHz 

®e 28V—Vcc 

@ Push-Pull Packead . 

@ Gold Metallization for Reliability . 


HPA-1 
CASE 397-01, STYLE 1 


MAXIMUM RATINGS 


THERMAL CHDEACTEDIEIILS 


Thermal Resistance, Junction to Case (Te = 60°C) ie ete eee 


ELECTRICAL CHARACTERISTICS 


OFF CHARACTERISTICS (Note 1) 


Collector-Emitter Breakdown Voltage (Ic = 60 mA, Ip = 0) V(BR)CEO a a ao 
Collector-Base Breakdown Voltage (Ic = 60 mA, IE = 0) V(BR)CBO | ose 6 6f| 6 — | ~ | vac | 


Emitter-Base Breakdown Voltage (IE = 15 mA, Ic = 0) V(BR)EBO Fo oa | = f= | 


ON CHARACTERISTICS (Note 1) 


DYNAMIC CHARACTERISTICS (Note 1) 


Note 1. Each transistor chip measured separately. (continued) 


s 
- 
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TPV6080B 


ELECTRICAL CHARACTERISTICS — continued 
FUNCTIONAL TESTS (Note 2) 


Common-Emitter Amplifier Power Gain 
(VcE = 28 V, Pout = 80 W, f = 860 MHz, Icg = 2 x 250 mA) 


Common-Emitter Amplifier Power Gain 
(VcE = 28 V, Pout = 90 W, f = 650 MHz, Icg = 2 x 250 mA) 


Collector Efficiency — 1 
(VcE = 28 V, Pout = 80 W, f = 860 MHz, Icq = 2 x 250 mA) 


Collector Efficiency — 2 
(VcE = 28 V, Pout = 90 W, f = 650 MHz, Icq = 2 x 250 mA) 


Output Power, 1 dB Compression Point 


Output Power, 1 dB Compression Point 
(VcE = 28 V, f = 650 MHz, icq = 2 x 250 MA, Pref = 


Note 2. Both transistor chips operating in push-pull amplifier. 


TYPICAL CHARACTERISTICS 


si f= e700 Cee a 
— 100 f = 470 MHz oe 
Nn ‘ . . 
- se . : - . 
= = 
cc = 
27 © 
a th 
= Ss 
E & 
= »0 = 
= ro) 
o O 
fa (a) 
ia 
5 . : 
Vee = 28V 
cq = 2x 250mA ~~ 
Pins INPUT POWER (WATTS) Pout OUTPUT POWER (WATTS) 
Figure 1. Output Power versus Input Power Figure 2. Collector Efficiency versus Output Power 


0 0 0 F 
INPUT OUTPUT 
2 S| network [4 che Newark” os 
Heid Zsource Te ce ee 
Zsource FOR FLAT GAIN 760 Zioad FOR 80 W @ 1 B 
(470-860 MHz) COMPRESSION GAIN 
VcE = 28V Vce =.28V 
icq = 2x 250 mA Icq = 2x 250 mA 


COMPRESSION GAIN 


Zsource (Ohm) 


460 


45 — j2 2.18 + j34 
ALIZED TO 12.5 OHM NORMALI 

NORM 0 See Ae ORMALIZED TO 12.5 OHM ies 

. 3.6 + [0 “s 2.1 + [2.6 

Figure 3. 3.6 + [1.75 Figure 4. 21 + [3.6 

Input impedances 3.25 + j29 Output Impedances 27 + j4.6 
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TPV6080B 


VCE C11 


RF RF 
INPUT gy OUTPUT 
C 


Notes: L5 Soldered on L’5 
L17 Soldered on L’17 VCE C11 


Components List 


L1, L2, L20 — Printed Line 50 Ohms L16, L‘'16 — Printed Line 25 Ohms 2.5 mm 

L3, L19 — Printed Line 26.7 Ohms 18 mm C1 — Chip Capacitor ATC100A101JP50 

L4, L18 — Printed Line 60 Ohms 18.5 mm C2 — ATC100A101JP50 + 1 nF + 0.1 MF + 22 MF 
L5, L17 — Coaxial Cable 25 Ohms 43 mm C3, C5, C6 — Timmer Capacitor 0-4 pF GKU 
L’5, L’5, L’17, L"17 — Printed Line 50 Ohms 43 mm C4 — Capacitor ATC100A3R9CP50 

L6, L’'6 — Printed Line 25 Ohms 13.5mm ___- C7 — Capacitor ATC100A8R2DP50 

L7, L’7 — Printed Line 20.8 Ohms 15 mm C8 — Trimmer 0.5-4 pF TEKELEC 

L8, L’8 — Printed Line 10.5 Ohms 12.5 mm +ATC100A 5RECP50 + 2R2CP5O. 

L9, L’9 — Printed Line 8 Ohms 7.5 mm C9 — Trimmer 0.5-4 pF TEKELEC 

L10, L'10 — Printed Line 50 Ohms 8 mm C10, C'10 — 2 Chips // ATC100A101JP50 

L11 — Printed Line 70 Ohms 9 mm C11, C’11 — Capacitor ATC100A101JP50 

L12, L’12 — Printed Line 9.5 Ohms 10.5 mm +Capacitor Chip 1 NF 

L13, L'13 — Printed Line 11 Ohms 14.5 mm C12, C'12 — Capacitor ATC100B150DP 

L14, L’14 — Printed Line 15.3 Ohms 8.5 mm C13 — Capacitor ATC100A2R2CP50 

L15, L'15 — Printed Line 19 Ohms 3.5 mm PCB Material: Teflon Glass 1/50 Inch er = 2.55 


Figure 5. 860 MHz Test Fixture 
VcE = 28 V, Ica = 2x 250 mA 


VBE L1 nD R3 Vec = 28V_ 
<— mene 
R1 
C5 Pi 
ca 2 we 
Components List | 

R1 — Resistor 2.2 k Ohms 1/4 W C1 — Capacitor 22 MF 35 V 

R2 — Resistor 1.5 k Ohms 1/4 W C2 — Capacitor 6.8 MF 35 V 

R3 — Resistor 15 Ohms 3 W +1 nF Chip Capacitor 

R4 — Resistor 1 k Ohms 1/4 W C3 — Capacitor 6.8 MF 35 V 

R5 — Resistor 47 Ohms 1/2 W C4 — Capacitor 1 NF 

R6 — Resistor 150 Ohms 1/4 W C5 — Capacitor ATC100A101JP50 

T1 — Transistor BC337 P1 — Trimmer 500 Ohms 

T2 — Transistor BD135 on heatsink L1 — 10 turns Wire @ 3/10 around R6 


D1 — Zener Diode 9.1 V 
D2 — Diode 1N4007 fixed on heatsink 
next to RF Transistor Flange 


Figure 6. Bias Circuit, Class AB 


MOTOROLA RF DEVICE DATA 


2-1340 


MOTOROLA 
=a SEMICONDUCTOR @ 
TECHNICAL DATA 


The RF Line TPV7025 


UHE Linear Power Transistor 


... designed for output stages in Band IV & V TV transmitter amplifiers. Internal match- 
ing of both input and output along with use of a push-pull package configuration aids 
broadband amplifier designs. . | 

‘Gold metallized dice with diffused emitter ballast resistors enhances reliability, rug- 
gedness and linearity. — : 


@ Band IV & V (470-860 MHz) 

25 W — Pref @ —45 dB IMD 
25V—Vcc 

Push-Pull Package 

Gold Metallization for Reliability 


25 W — 470 to 860 MHz 
| UHF LINEAR | 
POWER TRANSISTOR 


BMA-4 
CASE 398-01, STYLE 1 


MAXIMUM RATINGS 


Collector-Emitter Voltage 


r 
THERMAL CHARACTERISTICS | ; | 
[arate S*dSS od [Me 


ELECTRICAL CHARACTERISTICS | 


[haractersie Symbol | in| Typ | Max | Unit | 


OFF CHARACTERISTICS (Note 1) one 
Vde 


Collector-Emitter Breakdown Voltage (Ic = 120 mA, Ip = 0) V(BR)CEO | oa fl Ud] lm 
Collector-Base Breakdown Voltage (Ic = 20 mA, Ig = 0) V(BR)CBO Ro ee ee 


Emitter-Base Breakdown Voltage (IE = 6 mA, Ic = 0) V(BR)EBO 


ON CHARACTERISTICS (Note 1) 


me [6 [= | « [| -_ 


DYNAMIC CHARACTERISTICS (Note 1) 


Output Capacitance (Veg = 28 V, le = 0,f = 1 Mz) ae ee 


Note 71. Each transistor chip measured separately. (continued) 


MOTOROLA RF DEVICE DATA 


2-1341 


TPV 7025 


ELECTRICAL CHARACTERISTICS — continued 


FUNCTIONAL TESTS (Note 2) 


Common-Emitter Amplifier Power Gain 
(VcE = 25 V, Pout = 25 W, f = 860 Mbz, Icg = 3.2 A) 


_Load Mismatch 
(VcE = 25 V, Pout = 24 W, f = 860 MHz, 
Load VSWR = ©o:1, All Phase Angles) 


Overdrive (f = 470 MHz, 2 tones, VcE = 25V,I¢=3.2A) = | Pinger 24 W 
(No Degradation) 


Intermodulation Distortion, 3 Tone 
(f = 860 MHz, Vcge = 25 V, IE = 3.2 A, Pref = 25 W, 
Vision Carrier = —8 dB, Sound Carrier = —7 cB, 

Sideband Signal = —16 dB, Specification TV05001) 


No Degradation in 
Output Power 


Cross Modulation Distortion 
(Pref = 25 W, f = 860 MHz, A% Sound = (—7 dB), Vision 0 — Peak) 


Note 2. Both transistor chips operating in push-pull amplifier. 


TYPICAL CHARACTERISTICS 


~ 45 ; 
3s g ; 
= ee hk 
w lew v7 D é 
PD reeeecberseertveeres ne ee ee ee 
= = : ‘ 
So : 
5 5 Sen (ee : 
= => : 
CQ —— aa aaae OO Aisogaiese RS gstsies tees Me sa l8s Goce cee e eects rer eee 
Oo ’ e » a ‘ oO ’ . 
= ‘ been : ; H = ‘ be Pe ‘ 
z f=860MH2 1... ay Pout = 20W 
= i Vee = 2V | = i GE VE = 
S ese Ic =32A seeee Seer ¢ syoaee ne Leds lc = 392A 
:  Thp = 26°C i ff Tp = 25°C 
STONES: —8 dB, —7dB, — 17 dB) poet" 3 TONES: —8 dB, ~7 dB, — 17 dB 
~ 65 ee EL: Da ee ee ee ar Oe eR COR eee, Os ee 
5 625 8 10 125 16 2 2 2 500 600 700 800 
Pout OUTPUT POWER (WATTS) f, FREQUENCY (MHz) 
Figure 1. IMD versus Output Power Figure 2. IMD versus Frequency 


C8 
L1— 90/16 mm 
L2—90/16 mm 
L3 — 35/10 mm 3 
L4— 25/7mm Bat C4 me C5 C7 BALUN 
L5— 70/6mm ci 5 . 
L6— 70/26 mm oa ho L7 
L7 — 60/16 mm | ch Pe = 
C) = 15 pF DUT. 
C2 — 10 pF L2 L5 
C3 — 180 pF U1 
mel re Rt PRINTED-BALUN 
C3 — 100 pE C2 | > C6 25 0,/ 45 mm 
a 2 Oe Ve ' ” pany 
R1—~- 3.30 CC 25 0./ 45mm 


eee 


Board Material: Teflon Glass Substrate .020 In. 


Figure 3. 470-860 MHz Broadband Test Circuit 


MOTOROLA RF DEVICE DATA 
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TPV 7025 


07.6 


| -76.0 | 


168.7 [-0.14 | 93.8 |-30.62 


Conditions: 25V 2X1.8A 


Figure 4. Common Emitter S-Parameters 


MOTOROLA RF DEVICE DATA 
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- MOTOROLA 
22 SEMICONDUCTOR Soy 
TECHNICAL DATA 


TRW2000 
Series 


The RF Line 


flicrowave Power Transistors 23 ate 
ie - | - ; 1 TO 20 WATTS 
... designed primarily for wideband, large-signal output and driver amplifier stages in Lili h pe 


the 1 to 2.3 GHz frequency range. POWER TRANSISTORS 
@ Designed for Class B or C, Common Base Power Amplifiers ; ms 
® Specified 28 Volt, 2 GHz Characteristics: 

Output Power — 1 to 20 Watts 

Power Gain — 5.2 to 9 dB, Min 

Collector Efficiency — 40%, Min ; 
@ Hermetic Package Suitable for Military/Space Applications 
@ Gold Metallization for Improved Reliability 
@ Diffused Ballast Resistors 


— GP-13 
CASE 328F-01, STYLE 2 
TRW2001, 2003, 2005, 2010 


GP-13F 
CASE 328E-01, STYLE 1 
TRW2001F, 2003F, 2005F, 2010F 


MAXIMUM RATINGS 


Rating 


Storage Temperature Range Tstg ~65 to +200 


[symboi[ Mee 
Pence [Les] [os] s [owl 


THERMAL CHARACTERISTICS 


CASE 393-01, STYLE 1 
TRW2015, 2020 


~ "Characteristic 


Thermal Resistance, Junction to Case 


MOTOROLA RF DEVICE DATA 


2-1344 


TRW2000 Series 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 


Characteristic . 
OFF CHARACTERISTICS | 3 


Collector-Emitter Breakdown Voltage . V(BR)CES 
(Ic = 10 mA, VBE = 0) TRW2001,F 
(Ic = 20 mA, Vee = 0) TRW2003,F 
(Ic. = 40 mA, VBE = 0) TRW2005,F 
(Ic = 80 mA, VBE = 0) TRW2010,F 
(Ic = 120 mA, VBE = 0) TRW2015 
(Ic = 160 mA, Vege = 0) TRW2020 © 


a 
| . _ V(BR)EBO 
0.2 mA, Ic = 0) | TRW2001,F . 


0.25 mA, Ic = 0) : TRW2003,F 
= 0.5 mA, Ic = 0) , TRW2005,F 
1 mA, Ic = 0) TRW2010,F 


1.5 mA, Ic = 0) TRW2015 
= 2mA, Ic = 0) TRW2020 


Collector Cutoff Current | TRW2001,F ICBO1 
-(Vcp = 28 V, IE = 0) TRW2003,F 
. TRW2005,F 
| TRW2010,F 
TRW2015 
| | 18 TRW2020 | 


Collector Cutoff Current TRW2001,F 
(VcE = 45 V, Ie = 0) TRW2003,F 
TRW2005,F 


TRW2010,F 
TRW2015 
TRW2020 


ON CHARACTERISTICS 


DC Current Gain 
(I¢ = 100 mA, VCE = TRW2001,F 


(I¢ = 100 mA, VcE TRW2003,F 
(Ic = 200 mA, VcE TRW2005,F 
(ic = 400 mA, VcE | TRW2010,F 
(Ic = 600 mA, VcE | TRW2015 
(I¢ = 800 mA, VcE TRW2020 


DYNAMIC CHARACTERISTICS 


Output Capacitance TRW2001,F 
(VcB = 28 V, le_ = 0, f = 1 MHz) TRW2003,F 
TRW2005,F 


TRW2010,F 
TRW2015 
TRW2020 


(continued) 


MOTOROLA RF DEVICE DATA 


2-1345 


TRW2000 Series 


ELECTRICAL CHARACTERISTICS — continued (Tc = 25°C unless otherwise noted) . 


[Charactest———SSSS«dSSymbot | in | Ty | Mex [Unk 


FUNCTIONAL TESTS 


Common-Base Amplifier Power Gain 
(VCE = 28 V, Pout = 1 W, f = 2 GHz) 
(VcE = 28 V, Poyt = 10 W, f = 2 GHz) 


Common-Base Amplifier Power Gain 
(VcE = 28 V, Pout = 3 W, f = 2 GHz) 
(VcE = 28 V, Pout = 5 W, f = 2 GHz) 
(VcE = 28 V, Pout = 15 W, f = 2 GHz) 
(VcE = 28 V, Pout = 20 W, f = 2 GHz) 


Collector Efficiency 
= 28 V, Pout = 
= 28 V, Pout 
= 28 NV, Pout 
= 28 V, Pout 
= 28 V, Pout = 


Load Mismatch 
(VcE = 28V,f = 2 GHz, 
Load VSWR = o:1, Ali Phase Angles) 


Pout = 15 W 


Saturated Output Power 
‘(VCE 2.3 GHz) 
(VCE = 1.5 GHz) 
(VCE = 1 GHz) 


(VcE = 2.3 GHz) 
(VCE 1.5 GHz) 
(VCE = 1 GHz) 


(VCE = 2.3 GHz) 
(VCE 1.5 GHz) 
(VcE = 1 GHz) 
(VCE =. 2.3 GHz) 
(VcE = 1.5 GHz) 
(VcE = 1 GHz) 
(VcE = = 1.5 GHz) 
(VCE = 1 GHz) 
(VCE = 1.5 GHz) 
(VCE = 1 GHz) 


TRW2001,F 
TRW2010,F 


TRW2003,F 
TRW2005,F 
TRW2015 
TRW2020 


TRW2001,F 
TRW2003,F 
TRW2005,F 
TRW2010,F 
TRW2015 
TRW2020 


TRW2001,F 
TRW2003,F 
TRW2005,F 
TRW2010,F . 
TRW2015 
TRW2020 


TRW2001,F 
TRW2003,F 
TRW2005,F 
are 0,F 


TRW2015 


TRW2020 


- MOTOROLA RF DEVICE DATA 
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No Degradation in 
Output Power 


TRW2000 Series 


— Pout, POWER OUTPUT (WATTS) 


TYPICAL CHARACTERISTICS 


TRW2001,F 


01 015 02 025 03 
Pin, POWER INPUT (WATTS) 


~ Pout, POWER OUTPUT (WATTS) 


TRW2003,F 


f= 1GHz 1.5GHz | 


0 100 200 300 400 500 
Pin, POWER INPUT (WATTS) 


Figure 1. Output Power versus Input Power 


- TRW2001,F 


mie, EFFICIENCY (%) 


{» 


\ 
2 
‘we 


~TRW2003,F 
0 
i Ye 
2.3GHz | f= 1GHz 
/ 2 GHz —__1.5 GHz. 
1.5 GHz _ 2 GHz 
_ 2.3 GHz o 


f = 1GHz a \ 
INPUT Z 
LS 


Figure 2. Series Equivalent Input/Output Impedance 
Vcc = 28 V 


TRW2001,F 


Psat, SATURATED OUTPUT POWER (WATTS) 


f, FREQUENCY (GHz) 


Nc. EFFICIENCY (%} 


TRW2003,F 


« 


Po(sat) , 


1 15 2 2.5 3 
f, FREQUENCY (GHz) 


Figure 3. Power Output and Efficiency versus Frequency 


MOTOROLA RF DEVICE DATA 


2-1347 


Psat. SATURATED OUTPUT POWER (WATTS) 


TRW2000 Series 


ho. EFFICIENCY (%] 


Pout, POWER OUTPUT (WATTS) 


SO 
DOA EROODS 
OREN 


TYPICAL CHARACTERISTICS 
TRW2005,F TRW2010,F 


Tr 
57a 
Wirt jira 


0 200 400 600 800 1000 0 0.4 0.8 1.2 1.6 2 
Pin, POWER INPUT (WATTS) . “8 Pin, POWER INPUT (WATTS) 


Pout) POWER OUTPUT (WATTS| 


Figure 4. Output Power versus Input Power 
TRW2005,F TRW2010,F 


o 
2 
o 


‘eo ag 


AH] 


cal KER 


Figure 5. Series Equivalent Input/Output Impedance 


Vcc = 28 V 
TRW2005,F | TRW2010,F 
70 4 20 

a : 

ke 18 
: BN 

fh 60 16 
= \JSs Poise 

a xs aS 14 
= = s 

: } NS 
5 2 50 ~ 12 
(o>) oO * 

fan) i ; s 

= ir = ‘ 10 
E = 40 3 8 
2 

a 6 

30 : 4 
2. sl 15 2 2.5 3 1 1.5 2 2.5 3 
f, FREQUENCY (GHz) f, FREQUENCY (GHz) 


Figure 6. Power Output and Efficiency versus. Frequency 


MOTOROLA RF DEVICE DATA 


2-1348 


| EA Z| ena] 
| | 


Pgat, SATURATED OUTPUT POWER (WATTS) 


TRW2000 Series 


TYPICAL CHARACTERISTICS 
TRW2015 _-s TRW2020 


Pout, POWER OUTPUT (WATTS) 
Pout, POWER OUTPUT (WATTS] 


0 sa = “sy 
Pins POWER INPUT (WATTS) Pin POWER INPUT (WATTS) 


Figure 7. Output Power versus Input Power 


TRW2015 


Figure 8. Series Equivalent Input/Output Impedance | 
Vcc = 28V . 


TRW2020 


The» EFFICIENCY (%) 
Psat, SATURATED OUTPUT POWER (WATTS) 


Psat, SATURATED OUTPUT POWER (WATTS) 


Figure 9. Power Output and Efficiency versus Frequency 


MOTOROLA RF DEVICE DATA 


2-1349 


: 1 1.25 15 i758 2 
{, FREQUENCY (GHz) f, FREQUENCY (GHz) 


Nic. EFFICIENCY (%) 


TRW2000 Series 


‘TR 
The graph shown below displays MTTF in hours x ampere2 
emitter current for each of the “Super 2 GHz” devices. Life tests 
at elevated temperatures have correlated to better than + 10% _ S 


to the theoretical prediction for metal failure. Sample MTTFE cal- 
culations based on operating conditions are included on the 


No | 
TRW2015 
ent 


graph. a 
= 

; << 

ae P4 

Example for TRW2010 oe 
ade, 

Po = 10 WwW 2, 
Pin | = 2W = 
Vcc = 28V oe 
Ne = 40% S 
TFLANGE = 70°C =z 
100 x P Lt 

lc=le =—— 2 = 0.892 = 
Nc X VCC = 


Poiss = Pin + Vcc: Ic — Po = 16.9W 


Ty = TFLANGE + JC X Poiss = 171°C 
0.065 x 106 Hrs x Amp2 


MTTF = = 81,692 Hrs 
| Ic? 
= 9.32 Yrs 
Figure 10. MTTF Factor 
¥ “ VY ‘N 
502 
— 


TRW2001 
2.0GHz y | 


Board Material = 0.062” Glass-Teflon €, = 2.55 


TRW2003 


IN 2.0GHz 4 


Board Material = 0.020” Glass-Teflon €, = 2.55 


TRW2005 aan « TRW2010 


iN 2.0GHz ae ae iN 2.0GHz 


Board Material = 0.020” Giass-Teflon €, = 2.55 Board Material = 0.020” Glass-Teflon €, = 2.55 


5082 502 c _ 
a UP uF 
. : | TRW2020 2.0GHz“ 
» TRW2015 2.0GHz rr eee 
- NOT TO SCALE NOT TO SCALE 
Board material = 0,018” dielectric thickness glass Teflon . Board Material = 0.018 dielectric thickness Giass-Teflon 
€; = 2.55 ey = 2.55 


Zo input and output = 500 


Figure 11. PC Board Layouts 


MOTOROLA RF DEVICE DATA 
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MOTOROLA gi =P | 
TECHNICAL DATA 


: : TRW2301 
The RF Line | | TRW2301F 


ivViicrowave Fower iransistors 

.... designed primarily for wideband, large-signal output and driver amplifier stages in | 

the 1.5 to 3 GHz frequency range. . 4 Beer 

@ Designed for Class B or C, Common Base Power Amplifiers | 1 Sane 

@ Specified 20 Volt, 2.3 GHz Characteristics: MICROWAVE 
Output Power — 1.5 Watts ee POWER 


Power Gain — 8 cB, Min . 
Collector Efficiency — 40% Min : TRANSISTORS 


@ Hermetic Package Suitable for Military/Space Applications 
@ Gold Metallization for Improved Reliability 
@ Diffused Ballast Resistors 


MAXIMUM RATINGS | ~  @p.a3F 
CASE 328E-01, STYLE 1 
TRW2301F 


CASE 328F-01, STYLE 2 
TRW2301 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 


Characteristic 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage (Ic = 10 mA, VBE = 0) varices | 42 | — | — | Vac | 


Collector Cutoff Current (VcgB = 22 V, IE = 0) IcBO1 
Collector Cutoff Current (VcE = 38 V, IE = 0) 
ON CHARACTERISTICS | | 

DC Current Gain (i¢ = 100 mA, Vcg = 5 V) 
DYNAMIC CHARACTERISTICS | ; 


Output Capacitance (Vcp = 22 V, Ip = 0, f = 1 MHz) . 


FUNCTIONAL TESTS 


Common-Base Amplifier Power Gain Gpp 
(VcE = 20 V, Poyt = 1.5 W, f = 2.3 GHz) 


Load Mismatch 7 
(VcE = 20 V, Poyt = 1.5 W, f = 2.3 GHz, 
Load VSWR = o:1, All Phase Angles) 


. Cob 


No Degradation in 
Output Power 


MOTOROLA RF DEVICE DATA 


2-1351 


TRW2301, TRW2301F Wier | 
Eee ae eta TYPICAL CHARACTERISTICS 
+» 10,000,000 i con Be 


Note: Divide by Ic? for actual MTTF. 


23 GHz X <3 


: f = 1.5 GHz INPUT IMPEDANCE 


ae See] 
CTBT 
PB 


10,000 


MTTE FACTOR (HRS x AMP2) 


100 
90 110 130 150 170 190 210 230 


Ty, JUNCTION TEMPERATURE (°C) 


Figure 1. MTTF Factor versus Junction Temperature 


Pout, OUTPUT POWER (WATTS) 


Nc, EFFICIENCY (%) 


Psat, SATURATED OUTPUT POWER (WATTS) 


1 1 ne 2.5 3 3.5 
f, FREQUENCY (GHz) 


0 005 O1 O15 02 025 03 0.35 


Figure 3. P and Efficiency versus Frequenc 
2 eat Lie aaa Pin, INPUT POWER (WATTS) 


Figure 4. Output Power versus Input Power 


Ci, C2, C3, C4 = 100pF porcelain chip caps. Mer 


C5 - = Q.1pF ceramic chip cap. 
Ce 50uF, 50V electrolytic. 
RFC1 = 3-5 turns #22 AWG. 


Y ‘ 


TRW2301 


IN 7 


*Ground to backside of board 
Board material: 0.018” dielectric thickness teflon fiberglass. 


Figure 5. PC Board Layout (Not to Scale) 


* 


MOTOROLA RF DEVICE DATA 


2-1352 


MOTOROLA 


a SEMICONDUCTOR 
TECHNICAL DATA — 


heer eae TRW2304 
TheRFline _ TRW2304F 
Microwave Power Transistors , es 


ecahee primarily for wideband lage: ean output and driver amplifier stages in 7 8 dB 


the 1.5 to 3 GHz frequency range. . . 15-3 GHz 

@ Designed for Class B or C, Common Base Power Amplifiers 3 : _ 4WATTS 

® Specified 20 Volt, 2.3 GHz Characteristics: | MICROWAVE 
Output Power — 4 Watts | | POWER 


Power Gain —8dB,Min = ee > ag : TRANSISTORS 
Collector Efficiency — 40% Min 
@ Hermetic Package Suitable for Military/Space Applications 
@ Gold Metallization for Improved Reliability © 
@ Diffused Ballast Resistors 


MAXIMUM RATINGS en aint ‘Toa | _ GP-13F 


; CASE 328E-01, STYLE 1 


TRW2304F © 
Collector-Base ones are 


THERMAL CHARACTERISTICS 


Thermal Resistance, Junction to Case 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 


‘Characteristic 


CASE 328F-01, STYLE 2 
TRW2304 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage (Ic = 30 mA, Veg = 0) | Viprjces |. 420 = | ee 
"miter Base Breakdown Volage p= 1mAic= 0 | Waneeo | 38 | — | — | vee 
[collector Cutof Current Ven = 22V.ie=0 +i _tcaor_ | — | — | 075 | made 
[come twig = aig sepa] 


ICBO2 
ON CHARACTERISTICS _ 
DC Current Gain (Ic = 300 La VE = 
DYNAMIC CHARACTERISTICS : . 2 a oe 
Output Capacitance (VcB = 22 Vv. le = 0,f = 1 MHz) 
FUNCTIONAL TESTS 


Common-Base Amplifier Power Gain 
(VcE = 20 V, Pout = 4 W, f = 2.3 GHz) 


Collector Efficiency (VcE = 20 V, Pout | = 4W,f = 2.3 GHz) 


Load Mismatch 
(VcE = 20 V, Pout = aw, f = 2.3 GHz, 


No Degradation in 
Output Power 


Load VSWR = 00:1, All Phase Angles) 


MOTOROLA RF DEVICE DATA 


2-1353 


TRW2304, TRW2304F 


TYPICAL CHARACTERISTICS 
10,000,000. == ca Metre e eres. i 
“EF. Note: Divide by Ic2 for actual MTTF, © 


1,000,000 


100,000 


10,000 


MTTF FACTOR (HRS x AMP2) 


1,000 


90 110 130 150 170 190 210 . 230 
Ty, JUNCTION TEMPERATURE (°C) 


Figure 1. MTTF Factor versus Junction Temperature 


80. 


Pout, OUTPUT POWER (WATTS) 


Ss 
Nc, EFFICIENCY (%) - 


Psat, SATURATED OUTPUT POWER (WATTS) 


30 
20 
10 
0. 1 15 92 26. 3 35 : | | 001 03 05° 07 09 11 13 15° 17 
: f, FREQUENCY (GHz) | Pin» INPUT POWER (WATTS) 
Figure 3. Psat and Efficiency versus Frequency __ Figure 4, Output Power versus Input Power 
+ Veo - 
C1, C2 = 100pF porcelain chip caps. 
- C3 = O.1pF ceramic chip cap. 
C4 SO0uF, SOV electrolytic. he x 
~  RFC1 = 3-5 turns #22 AWG... XN 


— TRW2304 


N 7, 


* 


*Ground to backside of board 
Board material: 0.018” dielectric thickness teflon fiberglass. 


Figure 5. PC Board Layout (Not to Scale) 


- MOTOROLA RF DEVICE DATA 


2-1354 


MOTOROLA 
oe =) E M é co N D U CTO Fe ee ee eee 
TECHNICAL DATA 


TRW2307_ 
The RF Line | TRW2307F 
Microwave Power Transistors | 


.. designed primarily for wideband, large-signal output and driver amplifier stages in 8 dB 


the 1.5 to 3 GHz frequency range. 1.5-3 GHz 

® Designed for Class B or C, Common Base Power Amplifiers 7 WATTS 

@ Specified 20 Volt, 2.3 GHz Characteristics: | MICROWAVE 
Output Power — 7 Watts | POWER 


Power Gain — 8 dB, Min | TRANSISTORS 
Collector Efficiency — 40% Min 


@ Hermetic Package Suitable for Military/Space Applications 
® Gold Metallization for Improved Reliability 
® Diffused Ballast Resistors 


MAXIMUM RATINGS | GP-13F 
CASE 328E-01, STYLE 1 
TRW2307F 


CASE 328F-01, STYLE 2 
TRW2307 


OFF CHARACTERISTICS 
Collector-Emitter Breakdown Voltage (Ic = 50 mA, VBE = 0) 


Emitter-Base Breakdown Voltage (IE = 1 mA, Ic = 0) V(BR)EBO a ad a eee 
Collector Cutoff Current (Vcg = 22 V, I~ = 0) ICBO1 | — | — | 


Collector Cutoff Current (VceE = 38 V, Ip = 0) ICBO2 
ON CHARACTERISTICS 

DC Current Gain (Ic = 500 mA, VcE = 5 V) 
DYNAMIC CHARACTERISTICS 
| Ourput Capacitance Wee = 22Viie=Ot= iM +t» | — | — | 0 | F , 
FUNCTIONAL TESTS 


Common-Base Amplifier Power Gain 
(VcE = 20 V, Pout = 7 W, f = 2.3 GHz) 


Collector Efficiency (VceE = 20 V, Pout = 7 W, f = 2.3 GHz) 


Load Mismatch | Nis Dedradationan 
Load VSWR = 0:1, All Phase Angles) if 


MOTOROLA RF DEVICE DATA 


2-1355 


TRW2307, TRW2307F 
TYPICAL CHARACTERISTICS 


10,000,000 5 ; ; : — , ea Lr 
< ~ BX. Note: Divide by Ic? for actual MTTF. al ve 
| Lene a0) 2.3 GHz 
| 1.5 GHz<°2 GHz/ 
. / - 3. GHz__ INPUT IMPEDANCE 
a 2.3 GHz ets cee e 
= | OUTPUT IMPEDANCE 
= 2 GHz 
> 100,000 a= i ?) 
Z < 
= Oo 
ac 
jo) 
2 
= 10,000 
and 
= 
1,000 8 | 
Figure 2. Series Equivalent Input/Output impedance 
100 =— 
90 110 130 150 170 190 210 230 
Ty, JUNCTION TEMPERATURE (°C) 
Figure 1. MTTF Factor versus Junction Temperature 
: 1 80 
= 70 7) 
D = 
E << 
= 60 = 
2 2 
= = ro) 
& 0 se S 
ion > =) 
a S E 
2 ti oo 
Fe }30 3 
= 
B 20 
a” 
+ 10 
a ee ee ee 06 1 #15 2 25 3 35 
: f, FREQUENCY (GHz) a Pin, INPUT POWER (WATTS) 
Figure 3. Psat and Efficiency versus Frequency Figure 4. Output Power versus Input Power 
Ci, C2 = 100pF porcelain chip caps. @ Veto s 
C3 = 0.1F ceramic chip cap. 


C4 50uF, 50V electrolytic. 
RFCi1 = 3-5 turns #22 AWG. 


TRW2307 


a 4b y" 


*Ground to backside of board 
Board material: 0.018” dielectric thickness teflon fiberglass. 


Figure 5. PC Board Layout (Not to Scale) 


MOTOROLA RF DEVICE DATA 


2-1356 


= SEMICONDUCTOF 


MOTOROLA 
TECHNICAL DATA 


TRW3000 


ane RF Line |  §eries 
Microwave Power Transistors 
; designed primarily for wideband, large-signal output and driver amplifier stages in 5 TO 7 dB 
the 1.5 to 3 GHz frequency range. 1.5-3 GHz _ 
@ Designed for Class B or C, Common Base Linear Power Amplifiers | ie 1TO 5 WATTS | 
@e Specified 28 Volt, 3 GHz Characteristics: MICROWAVE - 
Output Power — 1 to 5 Watts POWER > 
Power Gain — 5 to 7 dB Min TRANSISTORS 


Collector Efficiency — 30% Min 
® Hermetic Package Suitable for Military/Space Applications 
@ Gold Metailization for Improved Reliability 
e Diffused Ballast Resistors 


GP-13F 
CASE 328E-01, STYLE 1 
MAXIMUM RATINGS TRW3001F, 3003F, 3005F 


a 
ae ea 
Operating uncon Tempered ty SY SC 
eae 
nie 


Storage Temperature Range —65 to +200 


THERMAL CHARACTERISTICS 


Thermal Resistance, Junction to Case Rac 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 


(Ic = 30 mA, VBE = 0) ~ 3003,F 


V(BR)CES Vde 
50 
50 
(Ic = 50 mA, VBE = 0) 3005,F 50 
Collector-Base Breakdown Voltage V(BR)CBO 
(lc = 1 mA, IE = | TRW3001,F 
(Ic = 3 mA, IE = 3003,F ie 
(lc = 5 mA, Ip = 3005,F 45 


Emitter-Base Breakdown Voltage V(BRJEBO 3.5 
(IE = 1 mA, Ic = 0) 
Collector Cutoff Current TRW3001,F ICBO ‘mAdc 
(VcB = 28 V, IE = 0) 3003,F ; 
: 3005,F : 


ON CHARACTERISTICS 


DC Current Gain 
(lc = 100 mA, VCE TRW3001,F 
(Ic = 300 mA, VcE 3003,F 
(Ic = 500 mA, VcE 3005,F 


CASE 328F-01, STYLE 2 
TRW3001, 3003, 3005 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(ic = 10 mA, Vee = 0) TRW3001,F 


ft ot tt 


il 


(continued) 


MOTOROLA RF DEVICE DATA 


2-1357 


- TRW3000 Series 
_ ELECTRICAL CHARACTER 
cod ce ws co = Characteristic | 
DYNAMIC CHARACTERISTICS 
| Output Capacitance = = ~—-TRW3001,F 


(Vcg = 28 V; IE = 0, f = 1 MHz) | 3003,F 
(ee Pe oe, 3005, F 


ISTICS — continued (Tc = 25°C unless otherwise noted) 


FUNCTIONAL TESTS: } 
Common-Base Amplifier Power Gain os. . 
(VcE = 28 V, Pout = 1 W, f = 3 GHz) TRW3001,F 
(VCE = 28 V, Pout = 3W, f = 3 GHz) i -3003,F 
(VCE = 28-V, Pout = 5 W, f = 3 GHz) 3005,F 


Collector Efficiency 
(VcE = 28 V, Pout TRW3001,F 
(VCE = 28 V, Pout 3003,F 


Load Mismatch 
(VCE = 28 V, Pout = 1 W,f = 3 GHz, TRW3001,F 
Pout = 3W 3003,F 
Pout = 5W 3005,F 
Load VSWR = 00:1, All Phase Angles) 


3 
Oo 


No Degradation in 
Output Power 


Gpp 


TRW3001,F 
TYPICAL CHARACTERISTICS 


Pout, OUTPUT POWER (WATTS) 
Ney EFFICIENCY (%) 


an 
i 
<= 
= 
aad 
mu 
= 
oO 
ae 
re 
~ 
a 
—_ 
> 
© 
Qa 
= 
= 
co 
= 
<< 
w” 
= 
o 
wn 
fa 


0 0.05 0.1 0.15 0.2 0.25 0.3 
Pin, INPUT POWER (WATTS) f, FREQUENCY (GHz) 


Figure 1. Output Power versus Input Power Figure 2. Psat and 7 versus Frequency 


Figure 3. Series Equivalent Input/Output Impedance 


MOTOROLA RF DEVICE DATA 


2-1358 


TRW3000 Series 


Board material-= 0.018” dielectric thickness Glass teflon (e, = 2.55). 
bi Foil wrap asterisked edge to ground plane. , 
100 pF chip. 

100 pF chip capacitor and 10 uF electrolytic. 
100 pF chip capacitor. The capacitor position can be tuned. 
~ Rec = 8 turns #28.AWG, 0.010 dia. 


Ho te ll 


Figure 4. PC Board Layout 
(Not to Scale) 


TRW3003,F 


Pout, OUTPUT POWER (WATTS) 
Peat SATURATED OUTPUT POWER. (WATTS) 


0, Ot © 02 -<.68 04 -O5; 06 


Pin, INPUT POWER (WATTS) f, FREQUENCY (GHz) 


Figure 5. Output Power versus Input Power Figure 6. Psat and 7 versus Frequency 


Figure 7. Series Equivalent Input/Output Impedance 


‘MOTOROLA RF DEVICE DATA 


2-1359 


Nic. EFFICIENCY (%) 


TRW3000 Series 


q 


Board material = 0.018" dielectric thickness Glass teflon (e, = 2.55). 
ia Foil wrap asterisked edge to ground plane. 


Cc = 100 pF chip. 
Cx = 100 pF chip capacitor and 10 uF electrolytic. 
Ci = 100 pF chip capacitor. The capacitor position can be tuned. 


Rec = 8 turns #28 AWG, 0.010 dia. a ee . 
Figure 8. PC Board Layout 
(Not to Scale) 


TRW3005,F , - 
TYPICAL CHARACTERISTICS 


Pin, INPUT POWER (WATTS) 


Ne EFFICIENCY (%) 


Doe 0G es te AB 8 6 
Psat, SATURATED OUTPUT POWER (WATTS) f, FREQUENCY (GHz) 
Figure 9. Output Power versus Input Power Figure 10. Psat and 7 versus Frequency 


Figure 11. Series Equivalent Input/Output Impedance 


MOTOROLA RF DEVICE DATA 
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ee ee ee ee Eee Oe 


ue pecs G2 te + 
Board material = 0.018” dielectric thickness Glass teflon (e, = 2.55). 
* = Foil wrap asterisked edge to ground plane. 1 inch 
Cc = 100 pF chip. 
Cx = 100 pF chip capacitor and 10 pF electrolytic. _ 
Ci = 100 pF chip capacitor. The capacitor position can be tuned. 
Rec = 8 turns #28 AWG, 0.010 dia. 
Figure 12. PC Board Layout 
(Not to Scale) 
10,000,000 
MTTF Factor 
(Normalized to 1 ampere2 Continuous Duty) 
The graph shown displays MTTF in hours x ampere2 emitter current for 
each of the 3 GHz devices. Life tests at elevated temperatures have cor- 
1,000,000 related to better than + 10% to the theoretical prediction for metal failure. 
= CAUTION — A calculation is required to obtain actual metal life. Sample 
— MTTF calculations based on operating conditions are shown below. 
= 
o 100.000 Junction Temperature — °C 
ee ; To calculate metal lifetime under any set of conditions; obtain actual data 
= or estimate from typical performance curves. Solve for Ty (°C): 
re) Pout X 100 
aa (1) Ty = OyF [Fowxte ee a Pout] + TFLANGE 
ix 10,000 oe 
pass - Enter graph of MTF factor versus Tj. Obtain MTF factor. Calculate metal 
= life by: 
MTF Factor 
2) Metal Life in Hours = Pa ry emp 
1,000 Ic* (Amps) 
100 


90 110 130 150 170 190 210 230 
Tj, JUNCTION TEMPERATURE (°C) 


Figure 13. MTTF Factor versus Junction Temperature 


NN 
MOTOROLA RF DEVICE DATA 


2-1361 


MOTOROLA 
TECHNICAL DATA — 


The RF Line 
Microwave Linear 
ower Transistors 


. designed primarily for wideband, large-signal output and driver amplifier stages in 
the 1 to 2 GHz frequency range. 


® Designed for Class A, Common-Emitter Linear Power Amplifiers 
® Specified 20 Volt, 2 GHz Characteristics: 
Output Power — 1.5 Watts 
Power Gain — 5 to 6 dB, Min 
® Variety of Package Options, Including Hermetic 
@ Gold Metallization for Improved Reliability 
@ Diffused Ballast Resistors 


MAXIMUM RATINGS 


Collector-Emitter Voltage VCEO 
Collector-Base Voltage VCES 


Emitter-Base Voltage ~£20 
Operating Junction Temperature 
Storage Temperature Range 


THERMAL CHARACTERISTICS 


Thermal Resistance, Junction to Case ReJc 


ELECTRICAL CHARACTERISTICS 


OFF CHARACTERISTICS 


Coilector-Emitter Breakdown Voltage V(BR)CEO 24 
(Ic = 20 mA, Ip = 0) 
Collector-Emitter Breakdown Voltage V(BR)CES 


(Ic = 20 mA, Veg = 0) 
Collector-Base Breakdown Voltage V(BR)CBO 
(ic = 1mA, IE = 0) 
Emitter-Base Breakdown Voltage V(BR)EBO FEE 


(IE = 0.25 mA, Ic = 0) 
a eae 


Collector Cutoff Current (VcR = 28 V, IE = 0) 
ON CHARACTERISTICS 


< 
Q 
rs) 


DYNAMIC CHARACTERISTICS 


Output Capacitance 
(VcB = 28V, IE = 


0, f = 1 MHz) 


(continued) 


MOTOROLA RF DEVICE DATA 


2-1362 


TRW52001 
Series 


6 dB 
1 TO 2 GHz 
1.5 WATTS 
MICROWAVE 
LINEAR POWER 
TRANSISTORS 


Jk 


TW-200 
CASE 400-01, STYLE 1 
TRW52001 


eal 


GP-13F 
CASE 328E-01, STYLE 2 
TRW52101 


SS 


GP-14S 
CASE 401A-01, STYLE 1 
TRW52201 


a 


GP-13S 
CASE 328G-01, STYLE 1 
TRW52401 


CASE 401-01, STYLE 1 
TRW52501 


CASE 328F-01, STYLE 1 
TRW52601 


TRW52001 Series 


ELECTRICAL CHARACTERISTICS — continued 


FUNCTIONAL TESTS 


Common-Emitter Amplifier Power Gain : TRW52001 
(VcE = 20 V, Pout = 1.5 W, f = 2 GHz, IE = 220 mA) TRW52101 
TRW52601 


Common-Emitter Amplifier Power Gain TRW52201 
(VcE = 20 V, Pout = 1.5 W, f = 2 GHz, IE = 220 mA) TRW52401 
TRW52501 


Load Mismatch 
(VCE = 20 V, IE = 220 mA, Pout = 1.5 W, f = 2 GHz, 
Load VSWR = o:1, All Phase Angles) 


No Degradation in 


Output Power 


Gain Linearity 
(VcE = 20V, IE = 220 mA, f = 2 GHz, P91 = 1.5 W, Pog = 1.6 mW) 


Intermodulation Distortion, 3rd Order 
(VCE = 20 V, IE = 220 mA, Po (PEP) = 1.5 W, 
Tones at 2.05 GHz and 2.1 GHz) 


MOTOROLA RF DEVICE DATA 


2-1363 


TRW52001 Series — 


io TYPICAL CHARACTERISTICS 
aoe 


2.5) 
6.5| 


_ 2.0) 
[?p) 
3 : 
5 2 6.0 
& z= a 
S15 = = 
oc ~ <= 
to Ws o 
S ui 
a oO 
ae 
10 5.5 
0.5 
5.0 
| TFLANGE = 25°C TFLANGE = 28°C 
ol = a 47 : 
0 100 200 300 400 0 100 200 300 400 
Ie, EMITTER CURRENT (mA) Ie, EMITTER CURRENT (mA) 
Figure 1. 1 dB Compression Point versus Figure 2. Gain versus Emitter Current 
Emitter Current 
8008 
As) 
700 
0 
600 
5 
g 2 
3.0 g = 500 
~Y Lad 
s 5 8 
= E 
< 55 = 400 
wi oc e 
S = @ 
06 = 
= 8 300 
ae LL 
5 
200 
0 
05 100} 
0 biciees , 
: 0 5 10 15 20 2425 
f, FREQUENCY (GHz) Vce, COLLECTOR-TO-EMITTER VOLTAGE (VOLTS) 
Figure 3. Gain and 1 dB Compressed Power Figure 4. Safe Operating Area 


versus Frequency 


MOTOROLA RF DEVICE DATA 
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TRW52001 Series 


TRW52001 
Vee = 20V 


Frequency (MHz) 


TRW52101/601 


Vce = 20V 
le = 220mA 


Frequency (MHz) 
400 


$11 


- Ang 


176.8 
171.6 


168.4 ~ 


165.8 
159.6 
155.8 
152.1 
148.5 
145.0 
141.8 
138.5 
135.9 
132.1 
128.9 
125.7 
122.4 
119.2 
116.3 
11331 
109.8 
106.3 
102.9 

99.3 

95.3 


91.6 


87.1 
83.1 


$12 


-0.66 
-1.19 
-1.69 
-2.06 
~2,39 
~2.90 
-3.15 
~3.38 
-3.78 
-4.09 
-4.27 


-4.39. 


$21 


Figure 5. Common Emitter S-Parameters — 


2-1365 


MOTOROLA BF DEVICE DATA 


TRW52001 Series 


TRW52001 TRW52101, TRW52601 


_- 2 aa ss 
KO SSAD 


o 


ie 
KS 
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tf 
ok 
es 
om 


ne 
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N ee 
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AY 
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ee 
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oe 
Wtf 
e, 


Figure 6. Series Equivalent Input/Output Impedance 
Conditions: Vcg = 20 V, IE = 220 mA, . 
| TFLANGE = 25°C - 


The graph shown below displays MTTF in hours x ampere2 emitter cur- 
rent for each of the devices. Life tests at elevated temperatures have 
correlated to better than +10% to the theoretical prediction for metal 
failure. Divide MTTF by ic? for MTTF in a particular application. 


TRW52001 TRW52401 
TRW52101 TRW52501 


TRW52201 TRW52601 


MTTF FACTOR (106 HRS. x AMP2) 


0 90 110-130 150 ~«170~Ct«<“‘«X228N:*~C*«‘« 
T,, JUNCTION TEMPERATURE (°C) 


Figure 7. MTTF Factor versus Junction Temperature 


MOTOROLA RF DEVICE DATA 
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MOTOROLA 
= SEMICONDUCTO 
TECHNICAL DATA 


TRW52102 
_ Series 


TheRFLine 
Microwave Linear 


Power Transistors ee 6 aB 
. | 1-2 GHz 
... designed primarily for wideband, large-signal output and driver amplifier stages in 3 WATTS 


the 1 to 2 GHz frequency range. : MICROWAVE 
@ Designed for Class A, Common-Emitter Linear Power Amplifiers _ LINEAR POWER 
© Specified 20 Volt, 2 GHz Characteristics: a TRANSISTORS 
Output Power — 3 Watts 
Power Gain — 5 to 6 dB 
® Variety of Package Options, Including Hermetic 
@ Gold Metallization for Improved Reliability 
®@ Diffused Ballast Resistors 


GP-13F 
CASE 328E-01, STYLE 2 
TRW52102 


MAXIMUM RATINGS 


GP-14S 
CASE 401A-01, STYLE 1 
TRW52202 


THERMAL CHARACTERISTICS 


Thermal Resistance, Junction to Case Re@JC a ee 


ELECTRICAL CHARACTERISTICS 


GP-13S 
TRW52402 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(Ic = 40 mA, Ip = 0) 


Collector-Emitter Breakdown Voltage 
(Ic = 40 mA, Vege = 0) 


Collector-Base Breakdown Voltage 
(ic = 2 mA, IE = 0) 


Emitter-Base Breakdown Voltage 
(IE = 0.5 mA, I¢ = 0) j 


ON CHARACTERISTICS 
DC Current Gain (Ic = 200 mA, Vcg = 5 V) 
DYNAMIC CHARACTERISTICS 


Output Capacitance 
(VcB = 28 V, Ip = 0, f = 1 MHz) _ 


CASE 328F-01, STYLE 1 
TRW52602 


(continued) 


MOTOROLA RF DEVICE DATA 


2-1367 


TRW52102 Series 


ELECTRICAL CHARACTERISTICS — continued 


Characteristic Symbol! Min Typ Max | Unit 
FUNCTIONAL TESTS | 


Common-Emitter Amplifier Power Gain TRW52102 
(VcE = 20 V, Pout = 3 W, f = 2 GHz, IE = 440 mA) — TRW52602 


Common-Emitter Amplifier Power Gain TRW52202 
(VcE = 20 V, Pout = 3 W, f = 2 GHz, IE = 440 mA) ~TRW52402 
| TRW52502 


II 


Load Mismatch 
(VcE = 20 V, Ie = 440 mA, Pout = 3 W, f = 2 GHz, 
Load VSWR = ©:1, All Phase Angles) 


No Degradation in 
Output Power 


Cutoff Frequency (Basic cell design) 


Gain Linearity | 
(VCE = 20 V, IE = 440 mA, f = 2 GHz, P91 = 3 W, Po? = 3 mW) 


intermodulation Distortion, 3rd Order 
(VcE = 20 V, Ie = 440 mA, Po (PEP) = 3 W, 
Tones at 2 GHz and 2.005 GHz) 


Gpe, GAIN (dB) 


Pout, POWER OUTPUT (WATTS) 


= f = 2GHz = 
TFLANGE = 25°C Te = 25°C 
0 - ee AP 2 i FLANGES 99 
0 200 400 600 800 0 200 400 600 800 


lc, EMITTER CURRENT (mA) | Ie, EMITTER CURRENT (mA) 


Figure 1. 1 dB Compression Point versus 


emitter Current Figure 2. Gain versus Emitter Current 


Vce = 20V 
___ Ig = 440 mA 1.4. 
Po —sTFLANGE = 29°C 


Gpe,-GAIN (dB) 


Pout, POWER OUTPUT (WATTS) 
lc, COLLECTOR CURRENT (mA) 
& 


= BIAS FOR BEST GAIN i 


je ey 
0 5 10 15 20 


24 25 


O02 05 oe oo .4 

_ FREQUENCY {Ghz} see, he Vg, COLLECTOR-TO-EMITTER VOLTAGE (VOLTS) 
Figure 3. Gain and 1 dB Compressed Power Seat 

versus Frequency 


Figure 4. DC Safe Operating Area 


MOTOROLA RF DEVICE DATA 


2-1368 


TRW52102 Series 


TRW52102/52602 


Vce = 20V 
le = 440mA 


Frequency (GHz) 


400. . -6.21 —=174.3 © 


500 -0.57 169.7 -31.21 23.8 8.19 64.3 ~6.15 - 173.0 
600 -0.52 167.9 - 30.53 26.5 6.40 59.1 ~§.91 — -174.1 
700. -0.91 166.2 ~29.91 28.2 4.73 51.8 = BIT: - 175.9 © 
800 ~1.17 160.9 ~ 29.40 29.8 3.63 44.0 OO - 176.0 
900 -0.70 158.6 - 28.62 30.8 2.69. 9°. 391 - 5.40. re) a ey fa 
1000 -0.75 155.9 - 28.04 30.0 1.81 34.5 -5.22 -179.0 
1100 -0.74 153.1 - 27.44 31.0 0.81 28.7 - 4.84 179.9 
1200 ~0.72 150.5 ~  -26.90 - 30.3 0.07 23.2 = 4.72 177.7 
1300 © ~0.72 148.0 - 26.34 30.2 -0.61 18.0 ~ 4.48 177.0 
1400 -0.72 145.5 - 25.93 29.5 ~ = 1.48 13.4 -4.27 173.6 
1500 - 0.83 143.9 - 25.55 27.8 -2.15 “eS Bed . -4.11 . 172.2 
1600 -0.73 140.9 - 25.06 26.6 -2.71 2.8 -3.74 169.5 
1700 -0.73 138.6 — 24.77 27.0 -3.35 -0.4 ~ 3.66 167.8 
1800 -0.75 136.3 -24.26 © 24.4 23.93 -6.5 -3.40 ~ 166.2 
1900 -0.72 133.8 - 24.10 23.2 - 4.34 -11.0 -3.56 ~ 762.5 
2000 -0.69 131.3 - 23.35 24.4 ~ 4.89 = 12.0 eh | 162.5 
2100 -0.77 128.8 ~ 23.61 20.3 -5.51 - 19.5 -2.94 157.4 
2200 -0.77 126.6 — -23.17 19.1 -5.91 —  =-23.4 ~2.88 155.4 
2300 0.78 124.3 ~ 22.86 17.5 - 6.30 - 26.2 ~2.70 153.5 
2400 © -0.78 121.9 - 22.59 17.5 -6.97 ~29.7 -2.70 161.2 
2500 -0.78 119.7 ~22,11 14.2 -7.25 - 34.6 - 2.53 149.5 
2600 - 0.80 117.2 -21.73 13.0 ~7.56 ~37.2 -2.41 146.5 
2700 -0.81 114.7 ~ 21.33 13.0 - 8.03 - 39.9 -2.35 144.6 
2800 - 0.82 112.5 -21.06 10.0 ~8.37 ~ 44.5 -2.23 142.7 
2900 - 0.84 109.3 ~ 20.58 7.3 - 8.60 


3000 -0.62 108.0 - 20.25 6.7 ~8.78 


Figure 5. Common Emitter S-Parameters 


The graph shown below displays MTTF in hours x ampere2 emitter cur- 
rent for each of the devices. Life tests at elevated temperatures have 
correlated to better than +10% to the theoretical prediction for metal 
failure. Divide MTTF by Ic2 for MTTF in a particular application. 
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Figure 6. MTTF Factor versus Junction Temperature 


MOTOROLA RF DEVICE DATA 
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ma SEMICON 


MOTOROLA 


TECH NICAL DATA | 


The RF Line 
Microwave Linear 
er Transistors 


... designed primarily for wideband, large-signal output and driver amplifier stages in 
the 1 to 2 GHz frequency range. . 


@ Designed for Class A, Common-Emitter Linear Power Amplifiers 
® Specified 20 Volt, 2 GHz Characteristics: _ 
Output Power — 6 Watts 
Power Gain — 4.8 dB, Min | 
® Variety of Package Options, Including Hermetic 
® Gold Metallization for Improved Reliability 
@ Diffused Ballast Resistors 


MAXIMUM RATINGS 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(Ic = 80 mA, Ip = 0) 


Collector-Emitter Breakdown Voltage 
(ic = 80 mA, VBE = 0) 


Emitter-Base Breakdown Voltage 
(le = 1 mA, Ic = 0) 


ON CHARACTERISTICS 


[De Current Gin ic = a00mA Vee =sv) | we | © [| -] ml] —| 


a eae 


(continued) 


DYNAMIC CHARACTERISTICS 


Output Capacitance Cob 
(VcB = 28 V, IE = 0, f = 1 MHz) 


‘MOTOROLA RF DEVICE DATA 
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TRW52104 
Series 


4.8 dB 
1 TO 2 GHz 
6 WATTS 
MICROWAVE 
LINEAR POWER 
TRANSISTORS 


GP-13F 
CASE 328E-01, STYLE 2 
TRW52104 


CASE 401A-01, STYLE 1 
TRW52204 


CASE 401-01, STYLE 1 
TRW52504 


CASE 328F-01, STYLE 1 
TRW52604 


TRW52104 Series 
ELECTRICAL CHARACTERISTICS — continued Te = = 25°C unless otherwise noted) 

ee eT att | a [eT oe [oe] 
FUNCTIONAL TESTS 


Common-Emitter Amplifier Power Gain 
(VcE = 20-V, Pout = = 6 W, os = _2 GHz, le = 880 mA). 


: Load Mismatch 
~ (VceE = 20V, IE = 880 mA, Pout = 6W, f 7 - 2 GHz, 
Load VSWR = 3:1, All Phase Angles) 


Cutoff Frequency (Basic cell design) | 


No Degradation in 
Output Power 


Gain Linearity 
(VcE = 20 V, IE = 880 mA, f = 2 GHz, P91 = 6 W, Po? = 


intermodulation Distortion, 3rd Order ee 
(VcE = 20 V, IE = 880 mA, Po (PEP) = 6 W, 
Tones at 1 GHz. and. 1.005 GHz) 


a 
3 
5 = 
ae S 
er = 
ae S 
S Lis 
Qa. Qa. 
2 oO 
P=) 
a 
. FLANGE = 25°C 
0 400 800 1200 1600 0 400. 800 1200 1600. 
Ic, EMITTER CURRENT (mA) Bg le, EMITTER CURRENT (mA) 
Figure 1.1dB Compression Point versus _ Figure 2. Gain versus Emitter Current 
Emitter Current . 
mae ee Neos 
lp = 880 mA 5 2. 
aR DEE ee 7 = 
36 6s = 
= _ 
|| tis & 
30 Oe & 
eNO ¢ 
= hee ) 45 oO. 
aan = = 
Ss) & iy 
o 0 ~ ee, o 
on ae 
fe ee 
04 02 | 0.5 1. 2 3 
f FREQUENCY (GHz) Vee, COLLECTOR- TO-EMITTER VOLTAGE ans 
Figure 3. Gain and 1 dB Compressed Power Figure 4. DC Safe Operating Area 


versus Frequency 


MOTOROLA RF DEVICE DATA 


2-1371 


TRW52104 Series 


TRW52604, 104 S-PARAMETERS 


Large Signal ~ es The graph shown below displays MTTF in hours x ampere? emitter cur- 
Impedance Data rent for each of the devices. Life tests at elevated temperatures have 
; oF a correlated to better than +10% to the theoretical prediction for metal 


(52 Center) ) failure. Divide MTTF by Ic2 for MTTF in a particular application. 
10 —=— > 
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= 
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Figure 5. Series Equivalent Input/Output Impedance 
0.001 & 


9 6110130150. 170~««190~=—210 
Ty, JUNCTION TEMPERATURE (°C) 


Figure 6. MTTF Factor versus Junction Temperature 


Vcc = 20V. 
le = 6O0mA 


Figure 7. Common Emitter S-Parameters | 


“MOTOROLA RF DEVICE DATA 
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MOTOROLA | a oe . 
aa SEMICONDUCTOR & 
TECHNICAL DATA 


| TRW53001. 


The RF Line > Dae iF a e  ks  TeS SORICS 
Microwave Linear ee ee — 
Power Transistors ~~ Cr eee 
= , teas he -1TO3 GHz 
... designed primarily for wideband, large-signal output and driver amplifier stages in 0.8 WATT 
the 1 to 3 GHz frequency range. . | ae | MICROWAVE 
© Designed for Class A, Common-Emitter Linear Power Amplifiers ~ S LINEAR POWER 


® Specified 20 Volt, 3 GHz Characteristics: TRANSISTORS 
Output Power — 0.8 Watts 
Power Gain — 7.5 to 8.5 dB, Min . 
® Variety of Package Options, Including Hermetic 
® Gold Metallization for Improved Reliability 


® Diffused Ballast Resistors 


TW-200 
CASE 400-01, STYLE 1 
TRW53001 


MAXIMUM RATINGS 


GP-13F 
CASE 328E-01, STYLE 2 
TRW53101 


THERMAL CHARACTERISTICS | GP-14S 


Characteristi Symbol | Max CASE 401A-01, STYLE 1 
Thermal Resistance, Junction to Case °C/W 


ELECTRICAL CHARACTERISTICS 


OFF CHARACTERISTICS GP-13S 


CASE 328G-01, STYLE 1 
TRW53401 


Collector-Emitter Breakdown Voltage V(BR)CEO 22 
(I¢ = 10 mA, IB = 0) 
Collector-Emitter Breakdown Voltage V(BR)CES 
(Ic = 10 mA, VpE = 0) 
Collector-Base Breakdown Voltage ViBR)CBO Vdc 
(lc = 1 mA, IE = 0) 
Emitter-Base Breakdown Voltage V(BR)EBO 3.5 Vde 
(l—E = 0.25 mA, Ic = 0) 


[Cotesor Cutt Curent Weg= 2-0 | tego | — | — | 028 | made: 


ON CHARACTERISTICS 


| DC Current Gain (Ic = 100mAVce= SV) | bre | 20 | — | 120 | — | 


DYNAMIC CHARACTERISTICS 


Output Capacitance Cob 3.5 pF CASE 328F-01, STYLE 1 
(Vcp = 28 V, Ip = 0, f = 1 MHz) TRW53601 


(continued) 


> 


GP-14 
CASE 401-01, STYLE 1 
TRW53501 


MOTOROLA RF DEVICE DATA 


2-1373 


TRW53001 Series 


ELECTRICAL CHARACTERISTICS — continued — 


[harass SSSSCSC*drSC btm To | Mex | Unit 


FUNCTIONAL TESTS 


Common-Emitter Amplifier Power Gain TRW53001 
(VcE = 20 V, Pout = 0.8 W, f = 3 GHz) TRW53101 
TRW53601 


Common-Emitter Amplifier Power Gain TRW53201 
(VcE = 20 V, Pout = 0.8 W, f = 3 GHz) TRW53401 
TRW53501 


Load Mismatch 
(VcE = 20 V, IE = 120 mA, Pout = 0.8 W, f = 3 GHz, 
Load VSWR = o:1, All Phase Angles) 


Cutoff Frequency (VcE = 20 V, IE = 120 mA) 


No Degradation in 


Output Power 


Gain Linearity 
(VcE = 20 V, IE = 120 mA, f = 3 Ghz, 
Po1 = 0.8 W, Pog = 0.8 mW) 


Intermodulation Distortion, 3rd Order 
(VceE = 20 V, IE = 120 mA, Po (PEP) = 0.8 W, 
Tones at 3 GHz and 3.005 GHz) 


TYPICAL CHARACTERISTICS 45), 
53101 53501 


Pout, POWER OUTPUT (WATTS) 
Gpe, GAIN (dB) 


0 50 = 100,s—s«8——(200 0 50 100 150-200 
le, EMITTER CURRENT (mA 
E imal Ic, EMITTER CURRENT (mA) 
Figure 1. 1 dB Compression Point versus | Figure 2. Gain versus Emitter Current 
Emitter Current . 


Ip = 120mA 
TFLANGE = 25°C 


Gp, GAIN (dB) 
Pout: POWER OUTPUT (WATTS) 
Ic, COLLECTOR CURRENT (mA) 


BIAS FOR BEST GAIN 


1 02 05 1 . 3 4 0 5 0 15 2022 25 
f, FREQUENCY (GHz) Vee, COLLECTOR-TO-EMITTER VOLTAGE (VOLTS) 


Figure 3. Gain and 1 dB Compressed Power Figure 4. DC Safe Operating Area 
versus Frequency 


MOTOROLA RF DEVICE DATA 


2-1374 


TRW53001 Series 


VcE = 20V 
te = 120mA TRW53601/101 
$21 . 
Frequency (MHz) Mag Angle 
100 ; 20.0678 113.30 
200 é : 11.2073 99.20 
300 : 8.0353 86.50 
400 : f 6.0464 79.40 
500 : 4.9091 ~ 71.10 
600 : : 40785 . 64.40 
700 . 5 3.4714 59.30 
800 mo, Das ae . 3.2026 52.80 
900 : 2.6669 48.60 
1000 : 2.4803 42.30 
1100 6.8 : 2.2646 - 37.00 
1200 . : 2.0773 29.40 - 
1300 : . 1.8664 — 27.90 
1400 : 1.7721 | = 21.70 
1500 : . ; -1.6274  —- 15.20 
1600 : 1.4504 ‘11.10 
1700 : 1.4158 9.60 
1800 ‘ i 1.3552 2.50 
1900 : : 1.2503 -3.10 
2000 ‘ : 1.1708 .-§.60 
2100 : . 1.1468 
2200 i : 1.0777 
2300 : : 1.0221 - 19.70 
2400 : : 9795 
2500 ; ; 9078 
2600 ‘ : _.8670 
2700 ‘ : : 8472 
2800 : : .8091 
2900 : : .7789 
3000 : : 7934 
3100 . : .7798 
3200 F : : .7630 
3300 : . : .7674 
Vce = 20V 
ameter TRW53001 | 
$11 $12 . $21 $22 
Frequency (MHz) Mag Angle Mag Angle Mag Angle Mag Angle 
100 .7055 ~ 148.60 .0199 34.70 18.6638 111.10 4534 - 46.90 
200 7551 —- 163.60 .0240 34.30 10.1742 98.40 3631 -47.30 
300 7852 -171.40 .0269 35.50 7.2946 87.50 3214 -51.70° 
400 7962 - 176.90 .0288 39.60 5.5335 80.30 .3055 - 55.30 
500 8008 179.30 0317 43.10 4.4875 74.20 .3087 -59.30 
600 8072 176.10 0348 45.80 3.7540 68.40 3130 -64.00 
700 8091 173.40 .0374 48.40 3.1879 63.60 3181 -68.20 
800 8072 171.10 0427 - 51.80 2.9074 59.90 .3308 -72.60 
900 8147 167.90 0437 — 62.00 2.4547 53.60 3281 ~78.10 
1000 8166 165.60 .0489 53.80 2.2673 49.60 3440 ~93.20 
1100 8308 163.60 .0530 55.20 2.0300 44.70 3471 -99.60 
1200 .8299 160.60 .0591 54.20 1.9077 38.70 3602 -9.680 
1300 8443 158.60 .0598 55.90 1.6924 36.30 .3798 - 102.30 
1400 8375 156.50 0646 56.80 1.5668 32.90 4055 - 107.30 
1500 8404 154.80 0721 59.40 1.4859 28.90 4350 - 110.90 
1600 8443 152.80 .0769 56.70 1.3693 23.20 .4576 - 115.10 
1700 8770 151.10 .0802 58.50 1.2445 21.60 4786 - 117.30 
1800 8395 184.90 .0884 58.80 1.2036 18.70 5018 - 118.90 
1900 8414 146.40 .0965 57.00 1.1548 | 14.00 5146 ~ 121.30 
2000 8404 144.00 0994 55.30 1.0544 9.60 5206 ~ 124.30 
2100 8424 141.60 1058 56.00 1.0035 8.00 5254 - 127.10 
2200 9472 139.20 1131 54.50 9572 4.30 5352 - 101.00 
2300 8502 136.80. - 1176 52.90 8964 90 5483 - 135.40 
2400 8541 134.90 1259 53.10 8502 ~.80 5643 ~ 139.50 
2500 .8590 133.90 1346 51.40 8204 - 3.90 5888 - 142.80 
2600 8561 130.50 1403 49.50 .7709 -6.80 .6730 ~ 148.00 
2700 8492 128.40 1466 49.40 | 7311 ~8.30 6353 - 147.50 
2800 8443 126.30 1565 48.60 7153 - 10.00 .6509 ~ 149.20 
2900 8424 123.80 .1669 45.80 6918 - 13.60 6653 - 150.80 
3000 8308 © 121.20 1706 44.50 6464 - 15.70 .6761 - 151.70 
3100 8270 118.30 1824 43.90 6339 ~ 16.50 6753 - 153.30 
3200 .8308 115.00 .1950 41.30 6216 - 19.60 6761 - 155.40 
3300 8453 112.50 :1966 38.10 5848 -22.60 6847 - 158.10 


Figure 5. Common Emitter S-Parameters 


MOTOROLA RF DEVICE DATA 


2-1375 


TRW53001 Series 


Figure 6. Series Equivalent Input/Output Impedance 
Conditions: Vcge = 20 V, IE = 120 mA, 
TFLANGE = 25°C 


The graph shown below displays MTTF in hours x ampere2 emitter cur- 
rent for each of the devices. Life tests at elevated temperatures have 
correlated to better than +10% to the theoretical prediction for metal 
failure. Divide MTTF by Ic2 for MTTF in a particular application. 


10,000,000 


1,000,000 


100,000 


MTTF FACTOR (HOURS x AMP2) 


90 110 130 150 170 190 210 230 
Ty, JUNCTION TEMPERATURE (°C) 


Figure 7. MTTF Factor versus Junction Temperature 


MOTOROLA RF DEVICE DATA 


2-1376 


MOTOROLA 
wa SEMICONDUCTOR & 
TECHNICAL DATA 


| oo TRW53102 
The RF Line OO eeu wae ae ‘Series 
Microwave Linear 
Power Transistors 


7T08dB 


. designed primarily for wideband, large- signal output and driver amplifier Stages in . Pe ti 
. the 1 to 3 GHz frequency range. . MICROWAVE 
@ Designed.for Class A, Common-Emitter Linear Power Amplifiers ~. LINEAR POWER 
®@ Specified 20 Volt, 2 GHz Characteristics: | . TRANSISTORS | 


Output Power — 1.6 Watts 

Power Gain — 7 to 8 dB 
® Variety of Package Options, including Hermetic 
@ Gold Metallization for Improved Reliability 
@ Diffused Ballast Resistors 


GP-13F 
CASE 328E-01, STYLE 2 
TRW53102 


MAXIMUM RATINGS 


GP-14S 
CASE 401A-01, STYLE 1 
TRW53202 


GP-13S 
CASE 328G-01, STYLE 1 
OFF CHARACTERISTICS TRW53402 


Collector-Emitter Breakdown Voltage ~ | V(BR)CEO 22 Vde | 
(i¢ = 20mA,1p = 0) | 

Collector-Emitter Breakdown Voltage V(BR)CES 50 _Vde | 
(Il¢ = 20 mA, VBE = 0) 

Collector-Base Breakdown Voitage V(BR)CBO Vde 
(Ic = 2 mA, IE = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO 
(IE = 0.5 mA, Ic = 0) 


Collector Cutoff Current (Vcp = 28 V, Ie = 0) | cso _| pba tee 


ON CHARACTERISTICS 


[boc Gun te = oma ver 8 [wee [TT vm [ 


DYNAMIC CHARACTERISTICS 


GP-14 
CASE 401-01, STYLE 1 
TRW53502 


GP-13 
CASE 328F-01, STYLE 1 
TRW53602 


Output Capacitance 
(Vcp = 28 V, le = 0, f = 1 MHz) 


(continued) 


MOTOROLA RF DEVICE DATA 


2-1377 


TRW53102 Series 


ELECTRICAL CHARACTERISTICS — continued 


[characteris Symbol min [typ [Max [Unit | 


FUNCTIONAL TESTS 


Common-Emitter Amplifier Power Gain 
(VcE = 20 V, Pout = 1.6 W, f = 2 GHz, IE = 230 mA) TRW53602 


Common-Emitter Amplifier Power Gain 
(VcE = 20V, Pout = 1.6 W, f = 2 GHz, Ig = 230 mA) TRW53402 


Load Mismatch 


(VCE _ 20 V, Pout > 1.6 W, f a 2 GHz, 
Load VSWR = oo:1, All Phase Angles) 


Cutoff Frequency (Basic cell design) 


Gain Linearity 


(VcE = 20V, Ip-= 230 mA, f = 2 GHz, 


Po = 1.6 W, Pog = 1.6 mW) 


intermodulation Distortion, 3rd Order 


TRW53102 


TRW53202 


TRW53502 


(VCE = 20V, IE = 230 mA, Po (PEP) = 1.6 W, 


Tones at 2 GHz and 2.005 GHz) 


Pout POWER OUTPUT (WATTS) 


f = 2GHz 
TFLANGE = 


le, EMITTER CURRENT (mA) 


2 


5°C | 


Figure 1. 1 dB Compression Point versus 


Emitter Current 


Gpe, GAIN (dB) 


f, FREQUENCY (GHz) 


Figure 3. Gain and 1 dB Compressed. Power 
versus Frequency 


Pout POWER OUTPUT (WATTS) 


2-1378 


MOTOROLA RF DEVICE DATA 


Ic, COLLECTOR CURRENT (mA) 


No Degradation in 
Output Power 


Gp, UNCOMPRESSED GAIN (dB) 


f = 2GHz 
TFLANGE = 28°C 


le, EMITTER CURRENT (mA) 


| Figure 2. Gain versus Emitter Current 


1200 J 


1000 


0 5 10 15 20 25 
Vce, COLLECTOR-TO-EMITTER VOLTAGE (VOLTS) 
Figure 4. DC Safe Operating Area 


TRW53102 Series 
TRW53602/102 


Vce = 20V 
le = 230mA 


Frequency (MHz) 

~ 400 
500 
600 
700 
800 
900 
1000 
1100 
1200 
1300 
-1400 
1500 
1600 
1700 
1800 
1900 
2000 
2100 
2200 
2300 
2400 
2500 
2600 
2700 
2800 
2900 
3000 
3100 
3200 
3300 
3400 
3500 


Figure 5. Common Emitter S-Parameters 


The graph shown below displays MTTF in hours x ampere2 emitter cur- 
rent for each of the devices. Life tests at elevated temperatures have 
correlated to better than + 10% to the theoretical prediction for metal 
failure. Divide MTTF by !c2 for MTTF in a particular application. 


Divide MTTF by Ic? 
10,000,000 


Le 
Oo 
: 
: 
v_| 
yy, ° 
\ 
— 
ra) 
= 
= 
O 
= 
= 


oe 
oem 
pd 


100,000 


MTTF FACTOR (HRS x AMP2) 


@ 
“Ee 


te 
x 


100 
100 120 140 160 180 200 220 240 
> ; Ty, JUNCTION TEMPERATURE (°C) 
Figure 6. Series Equivalent Input/Output Impedance Figure 7. MTTF Factor versus Junction Temperature 


MOTOROLA RF DEVICE DATA 


2-1379 


MOTOROLA 


TECHNICAL DATA 


TRW53505 
The RF Line 7 | TRW53605 


Microwave Linear. 


Power Transistors eae gae 

. 1-2 GHz 
... designed primarily for wideband, large-signal output and driver amplifier stages in 4 WATTS: 
the 1 to 2 GHz frequency range. moe MICROWAVE 
® Designed for Class A, Common-Emitter Linear Power Amplifiers LINEAR POWER 


® Specified 20 Volt, 2 GHz Characteristics: = = TRANSISTORS 
Output Power —.4 Watts : 
Power Gain — 6 to 7 dB, Min 

® Hermetic Packages Suitable for Military/Space Applications 

© Gold Metallization for Improved Reliability 

® Diffused Ballast Resistors 


MAXIMUM RATINGS 
ating Smt vatue [unit | 


GP-13 
CASE 328F-01, STYLE 1 
TRW53605 


THERMAL CHARACTERISTICS 


oe | Characteristic 


GP-14S 
CASE 401-01, STYLE 1 
TRW53505 


Thermal Resistance, Junction to Case , 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 


Castes «<b | in Typ | Max [Unt 


OFF CHARACTERISTICS 


Collector-Base Breakdown Voltage (Ic = 5 mA, IE = 0) 
Ernitter-Base Breakdown Voltage (IE = 1.25 mA, Ic = 0) 


Collector Cutoff Current (Vcp = 28 V, IE = 0) . 


ON CHARACTERISTICS 


DYNAMIC CHARACTERISTICS 7 
Output Capacitance (Vcg = 28V, IE = 0, f = 1 MHz) 


(continued) 


MOTOROLA RF DEVICE DATA 


2-1380 


TRW53505, TRW53605 


ELECTRICAL CHARACTERISTICS — continued (Tc = 25°C unless otherwise noted) 


FUNCTIONAL TESTS . 


TRW53605 
TRW53505 


Common-Emitter Amplifier Power Gain 
(VcE = 20 V, Pout = 4 W, f = 2 GHz, IE = 600 mA) 


Load Mismatch 
Load VSWR = 3:1, All Phase Angles) . 


-No Degradation in 
~ Output Power 


_ Cutoff Frequency (Basic cell design) 


intermodulation Distortion, 3rd Order 
(VcE = 20 V, IE = 600 mA, Po (PEP) = 2 W, 
Tones at 2 GHz and 2.005 GHz) aa 


7) 

za 

< 

= 

Zz ao 

s) 3 

oO. 

Z 3 

o 7 

re 2 

=> ui 

: : 

‘s 8 

_- a 

= => 

2 ie 

s o 

300 400 500 600 700 800 900 300 400 500 600 700 800 900 
Ie, EMITTER CURRENT (mA) le, EMITTER CURRENT (mA) 
Figure 1. 1 dB Compression Point versus __ . -* _ Figure 2. Uncompressed Gain > 


Emitter Current @ 2 GHz | _ versus Emitter Current 


10,000,000 


1,000,000 
a Tey 
=< = 
z < 
= 100,000 = 
w bu 
[aoe oc 
= 5 
: : 
faa 
2 10,000 
LL 4 
f 3 
= oO 
2 
1,000 
100 
Ty, JUNCTION TEMPERATURE (°C) VCE, COLLECTOR-EMITTER VOLTAGE (VOLTS) 
Figure 3. MTTF Factor versus Junction Temperature Figure 4. DC Safe Operating Area 


The graph shown below displays MTTF in hours x ampere2 emitter cur- 
rent for each of the devices. Life tests at elevated temperatures have 
correlated to better than + 10% to the theoretical prediction for metal 
failure. Divide MTTF by Ic2 for MTTFE in a particular application. 


MOTOROLA RF DEVICE DATA 


2-1381 


TRW53505, TRW53605 


Vee = 20V 
| ic = 500mA 


- Frequency (MHz) 


TRW53605 


Figure 5. Common Emitter S-Parameters 


2-1382 


MOTOROLA RF DEVICE DATA 


MOTOROLA 
TECHNICAL DATA 


The RF Line 


Microwave Linear 
Power Transistors 


... designed primarily for wideband, large-signal output and driver amplifier stages in 
the 1 to 4 GHz frequency range. . 


® Designed for Class A, Common-Emitter Linear Power Amplifiers 
® Specified 20 Volt, 2 GHz Characteristics: _ 
Output Power — 0.5 Watt . 
Power Gain — 10 to 11 dB 
@ 100% Tested for Load Mismatch at All Phase Angles with oo:1 VSWR 
@ Gold Metallization for Improved Reliability 
® Diffused Ballast Resistors 


MAXIMUM RATINGS 


200 
—65 to + 200 °C 


THERMAL CHARACTERISTICS | 


Thermal Resistance, Junction to Case Rac °C/W 


ELECTRICAL CHARACTERISTICS 


[__—<Characternde—————~«d; Symbol | Min | Typ | Max | Unit 


OFF CHARACTERISTICS 


Collector-Base Breakdown Voltage 
(Ic = 1mA, IE = 0) 


Emitter-Base Breakdown Voltage 
(l—E = 0.25 mA, Ic = 0) 


ON CHARACTERISTICS 


DYNAMIC CHARACTERISTICS 


Output Capacitance 3.5 
(VcB = 28 V, lE = 0, f = 1 MHz) 


MOTOROLA RF DEVICE DATA 


2-1383 


(continued) 


TRW54001 
Series 


10 TO 11 dB 
1-4 GHz 
0.5 WATT 
MICROWAVE 
LINEAR POWER 
TRANSISTORS | 


IL 


_ GP-14 
CASE 400-01, STYLE 1 
TRW54001 


| GP-13F 


CASE 328E-01, STYLE 2 
TRW54101 


GP-14S 


CASE 401A-01, STYLE 1 
TRW54201 


Tw200 
CASE 400-01, STYLE 1 
TRW54501 


GP-13 
CASE 328F-01, STYLE 1 
TRW54601 


TRW54001 Series 


ELECTRICAL CHARACTERISTICS — continued 


PChaactonte «dmb | Mn 


FUNCTIONAL TESTS 


Common-Emitter Amplifier Power Gain - 
= 20 V, Pout = 0.5 W, f = 2 GHz, IE 


(VCE 
Common-Emitter Amplifier Power Gain 
(VcE = 20 V, Pout = 0.5 W, f = 2 GHz, IE 


Load Mismatch 


(VCE 
Load VSWR = 


Cutoff Frequency (VcE = 


co:1, All Phase Angles) 
20 V, IE = 120 mA) 
Gain Linearity 
(VcE = 20V, IE = 
Pot = 0.5 W, Po2 = 
Intermodulation Distortion, 3rd Order 
(VcE = 20.V, IE = 120 mA, Pog (PEP) = 0.5 W, 
Tones at 2 GHz and 2.005 GHz) 


Intermodulation Distortion (DIN-45004/K) 
(VcE = 20 V, IE = 


120 mA, f = 2 GHz, 
0.5 mW) 


TYPICAL CHARACTERISTICS 


it nh 
»/4nn 


f = 2GHz 
TELANGE = 29°C 

100 150 
le, EMITTER CURRENT (mA) 


Pout, POWER OUTPUT (WATTS) 


50 200 290 


Figure 1. 1 dB Compression Point versus 
Emitter Current | 


Vce = 20V 
le = 120 mA 
TFLANGE = 25°C 


Gp, GAIN (dB) 


10 . 2.0 3.04050 
f, FREQUENCY (GHz) 


Figure 3. Gain and 1 dB Compressed Power 
versus Frequency 


120 mA) 


120 mA) 


= 20V, Ie = 120 mA, Pout = 0.5 W, f = 2 GHz, 


75 mA, f = 1 GHz, Pref = 0.15 W) 


TRW54001 
TRW54201 
TRW54501 


_ TRW54101 
TRW54601 


No Degradation in 
Output Power 


54001 
54101 54201 
54601 54501 


Gpg, UNCOMPRESSED GAIN (dB) 


TFLANGE = 25°C 


25 ~ 50 “75. ~~—~—=«W 00 125 


Ic, EMITTER CURRENT (mA) 


Figure 2. Gain versus Emitter Current 


Poutr POWER OUTPUT (WATTS) 


Ic, COLLECTOR CURRENT (mA) 


15 99 
Veg, COLLECTOR-TO-EMITTER VOLTAGE (VOLTS) 


Figure 4. DC Safe Operating Area 


MOTOROLA RF DEVICE DATA 


2-1384 


TRW54001 Series 


TRW54101/601 
Vce = 20V 
tc = 100mA 
$11 $12 821 $22 
Frequency (MHz) dB Ang dB OC Ang dB - Ang dB Ang 
400 -2.44 . Wi -29.40 30.0 17.54 89.3 -9.11 -55.5 
500 -2.29 -177.9. ~29.06 819. 16.80 83.7 -9.83 -57.1 
600 -2.21 176.7 -28.62 32.2 14.32 77.2 - 10.42 -60.3 
700 ~2.16 171.8. -28.26 © 33.4 13.02 a AP -10.74 -62.6 
800 -2.12 167.4 -27.85 35.0 11.81 66.3 - 10.89 ~  -67.3 
900 -2.06 163.3 -27.45 36.6 10.78 61.2 11.04 -70.8 
1000 -2.03 159.3 -26.87 38.1 9.86 56.4 ~10.97 -74.5 
1100 .- 1.98 155.7: = 26.49 39.2 8.98 ©. §2.0 - 10.99 -79.3 
1200 ~ 1.93 152.4 -25.95 40.1 8.30 47.5 - 10.89 -  -83.3 
1300 -1.90 149.3 | -25.50 40.7 7.60 43.5 -10.73 . 88.3 
1400 ~1.96 147.1 -25.07 42.2 6.78 40.6 ~ 10.62 -93.3 
1500 -1.81 143.6 -2467 = = 41.0 6.26 34.3 - -10.41 -97.7 
1600 -1.79 140.8 -24.20 41.9 5.66 30.8 - - 10.22 ~ 103.4 
1700 -1.75 137.9 -23.79 42.5 5.13 27.9 - 10.03 -107.6 
1800 -1.72 135.2 -23.42 41.9 4.46 22.7 -9.66 . -112.7 
1900 -1.65 132.7 -22.94 41.9 4.13 19.4 -9.48 -117.8 
2000 - 1.58 130.2 ~22.47 41.8 3.63 16.3 -9.15 -121.3 
2100 -1.54 130.7 -22.00 43.1 3.05 13.2 -8.83 -126.3 
2200 -1.50 128.6 -21.52 41.8 2.66 9.0 ~8.70 -129.9 
2300 -1.43 126.5 ~21.16 41.4 2.23 6.5 -8.28 - 135.2 
2400 - 1.39 124.4 -20.78 41.9 1.67 4.0 -8.09 - 139.1 
2500 -1.34 122.5 - 20.43 39.3 1.36 -1.0 -7.71 -142.4 
2600 -1.29 120.4 - 19.96 38.8 1.02 -3.3 -7.55 -147.6 
2700 -1.23 118.7 - 19.58 39.3 0.51 -5.3 -7.28 - 150.2 
2800 -1.14 117.1 - 19.37 37.5 0.07 -9.3 -6.92 ~ 154.8 
2900 - 1.08 114.9 - 18.87 35.5 ~0.21 -13.4 -6.70 - 158.6 
3000 -0.97 112.7 - 18.54 35.4 -0.32 -15.9 -6.35 ~ 162.0 
3100 -1.13 109.5 - 18.24 34.9 - 1.02 -19.7 -6.13 ~ 165.8 
3200 -1.07 107.5 -17.89 31.5 - 1.29 -23.7 _  -5.85 ~ 168.7 
3300 -104 | 105.3 . 17.46 30.8 - 1.57 _ 24.9 -5.49 -172.4. 
3400 -0.94 103.9 -17.22 30.5 -2.04 -27.6 -5.20 -175.4 
3500 -0.82 101.5 - 16.97 26.8 -2.33 -31.2 - 4.84 -178.1 
3600 ~0.75 99.7 - 16.65 24.4 ~2.65 -34.1 -4.70 177.8 
3700 ~0.64 97.9 - 16.44 24.8 -3.04 -34.9 -4.51 175.6 
3800 - 1.03 93.8 ~ 16.18 22.3 -3.54 -39.8 -4.08 171.6 
3900 -1.13 91.7 - 16.05 19.0 ~4.03 -423 -4.13 169.0 
4000 -1.01 89.7 - 15.62 18.7 -4,22 -44.0 -3.67 166.4 


Vce = 20V 
Ic = 100mA 


Frequency (MHz) 
400 


Figure 5. Common Emitter S-Parameters 


MOTOROLA RF DEVICE DATA 


2-1385 


TRW54001 Series 


The graph shown below displays MTTF in hours x ampere2 emitter cur- 
rent for each of the devices. Life tests at elevated temperatures have 
correlated to better than +10% to the theoretical prediction for metal 
failure. Divide MTTF by Ic2 for MTTF in a particular application. 


10,000,000 


1,000,000 


100,000 


10,000 


MTTF FACTOR (HRS x AMP2} 


80 100 120 140 160 180 200 220 
Ty, JUNCTION TEMPERATURE (°C) 


Figure 6. MTTF Factor versus Junction Temperature 


MOTOROLA RF DEVICE DATA 


2-1386 


MOTOROLA 


a SEMICONDUCTOR 
TECHNICAL DATA 


TRW62601 
The RF Line | | _ 
Microwave Power 


Oscillator Transistor | Microwave 
. - | | ae | POWER 

... designed for use as power oscillators at frequencies to 3 GHz with typical output | _ OSCILLATOR 

power of over 1 watt. TRANSISTOR 


@ Operation to 3 GHz 

High Output Power (1.2 W Typ @ 2.5 GHz) 

Rugged — Capable of Withstanding High Load VSWR 
High Reliability 

Hermetic Package 

Gold Metallization 

Diffused Emitter Ballast Resistors 

Common Collector Configuration 


MAXIMUM RATINGS | 


Operating Junction Temperature | 200 
Storage Temperature Range 


ELECTRICAL CHARACTERISTICS 


PC hactoede ——SSS*~S~*~d:C« mb ||| 
OFF CHARACTERISTICS 
[Collectors Breakdown Votage lc = 1mAle=0 | Wanicso | 


ON CHARACTERISTICS 


DYNAMIC CHARACTERISTICS 


(continued) 
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ELECTRICAL CHARACTERISTICS — continued © 


oe 


FUNCTIONAL TESTS 
Oscillator Output Power (VcgE = 20 V,f = 2 GHz, Je 220 us pe ee Fad 


Load Mismatch 
(VcE = 20 V, IE = 220 mA, Pout = 1.25 W, f = 2 GHz, 
Load VSWR = ©oo:1, All Phase Angles) 


aioe == aw 


No Degradation in 
Output Power 


TYPICAL CHARACTERISTICS 
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3 300 > a eae ea 
a x (oe ee eee 
= 200 5 See! 
= ro) ie en ee 
fr = 05 ee 
= x) aa a 
100 ee eres ee 
Pee 
tee ee 
0 aes ae MS) 
0 5 10 15 20 25 2 2.5 3 3.5 
Vee, COLLECTOR-TO-EMITTER VOLTAGE (VOLTS) f, FREQUENCY (GHz) 
Figure 1. DC Safe Operating Area Figure 2. Output Power versus Frequency 


BASE EMITTER BIAS . 


C1 — 220 pF (chip) 

C2 — 220 pF (chip) + 10 nF 

C3 — 220 pF (chip) + 10 nF + 10 uF 
C4 — 0.6-4.5 pF (Frequency tuning) 


L — adjust to obtain the maximum output power 


6 — 0.115 Ag for fg = 2.3 GHz 
6 — 0.06 Ag for fg = 3 GHz 


Figure 3. Test Circuit 


MOTOROLA RF DEVICE DATA 


2-1388 


TRW62601 


Figure 4. PC Board Layout for fg = 2.3 GHz (Bw = 500 MHz) 


20mm 


L2=7mm 


*Foil-wrap vida ay edge to ground plane. 
Board material: 020” Glass teflon (e, = 2.55) 
- Adjust L to obtain he maximum output power 


Figure 5. PC Board Layout for fg = 3 GHz (BW = 500 MHz) 


TYPICAL CHARACTERISTICS 
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Sr 
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Figure 6. Small Signal S-Parameters | 
(VcE = 20 V, Ig = 220 mA) 
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MOTOROLA 


m= SEMICONDUCTOR 
TECHNICAL DATA 


TRW62602 
The RF Line e 


Microwave Power | 
Oscillator Transistor _ a MICROWAVE 


POWER 
... designed for use as power oscillators at frequencies to 3 GHz with guaranteed output OSCILLATOR 
power of 2.5 W @ 2 GHz. 7 . TRANSISTOR 


@ Operation to 3 GHz 

High Output Power (2 W Typ @ 2.5 GHz) 

Rugged — Capable of Withstanding High Load VSWR 
High Reliability 

Hermetic Package 

Gold Metallization 

Diffused Emitter Ballast Resistors 

Common Collector Configuration 


Collector-Emitter Voltage VCEO 


MAXIMUM RATINGS ae = Ze 


na et 
[CotectorBase Vorage ——=SSCSCSC~C~“~*“~*~“~‘“~*~*~*~*~S*~*dYSC | 
[emiverSaseVotege —=SSCSC*~“*“*~*~“‘~*S*~“~*~*~*~dtC | 
re 
: 
THERMAL CHARACTERISTICS | 

Characins SSS~S~*™rC«C tt [MS 
om 


22 V 
45 V 
3.5 V 
200 


ELECTRICAL CHARACTERISTICS 


OFF CHARACTERISTICS 


| Marceo | 22] = | —~ | vee | 
| Mancao | 4 | = | = | vee | 
Emitter-Base Breakdown Voltage (Ip = 0.5 mA, Ic = 0) | ViprieBO | 35 | — = 
Collector Cutoff Current (VcB = 28 V, IE = 0) | | icpeo «| | OU 0.25 
Coilector-Emitter Breakdown Voltage (ic = 40 mA, Rpg = 10 2) | Vprcer | 50 | — | — | Voce | 


ON CHARACTERISTICS 


DYNAMIC CHARACTERISTICS 


Collector-Emitter Breakdown Voltage (Ic = 40 mA, IB = 0) 


Collector-Base Breakdown Voltage (Ic = 2 mA, IE = 0) 


FUNCTIONAL TESTS | 


Oscillator Output Power (VcE = 20 V, f = 2 GHz, IE = 440 mA) 


Load Mismatch 


No Degradation in 


= = = 2.5W,f = 2 , 
(VCE = 20 V, IE = 440 mA, Pout = 2.5 GHz Output Power 


Load VSWR = 00:1, All Phase Angles) 
Cutoff Frequency (VcgE = 20 V, IE = 440 mA) 


MOTOROLA RF DEVICE DATA 
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TRW62602 


TYPICAL CHARACTERISTICS 


COVE 
A 
HELE 
TAU AAIRIAIIT 
COA 
S007 ANHEEEEBAOL 


Bera 
BRAGA REO SRER RED 


cf ™N a oe! o 


(SLIWM) H3MOd LNdLNO 479g 


Vce, COLLECTOR-TO-EMITTER VOLTAGE {VOLTS) 


(Ww) LNIHYND YALL ‘3 


f, FREQUENCY (GHz) 
Figure 2. Output Power versus Frequency 


Figure 1. DC Safe Operating Area 


=90% 


Parameters 


20 V, IE = 440 mA) 


Figure 3. Small Signal S 
(VcE 


MOTOROLA RF DEVICE DATA 


2-1391 


TRW62602 


BASE EMITTER BIAS 
BIAS. f 
0.25 Ag om C3 


C1 — 220 pF (chip) © 
C2 — 220 pF (chip) + 10 nF 
C3 — 220 pF (chip) + 10 nF + 10 uF 


C4 — 0.6—4.5 pF (Frequency tuning) > C1 
L — adjust to obtain the maximum output power of | 
| orzag” |S SPR im | 
q_ a= fyr™s 29 = 500 
<@ ni | vend LE] are 
= 2=609 C1 800) 


Figure 4. Test Circuit 


20 mm 


bi et 
C, 


S Gy 


*Foil-wrap asterisked edge to ground plane. 
Board material: ~ 0.020” Glass teflon (e- = 2.55) 
Adjust L to obtain the maximum output power 


Forf = 2GHz L = 24mm 
f = 2.3GHz L = 19mm 
f = 2.5 GHz L = 


= 14mm 


Figure 5. PC Board Layout for fg = 2.3 GHz (BW = 500 MHz) 


MOTOROLA RF DEVICE DATA 


2-1392 


MOTOROLA | 
ga SEMICONDUCTOR 
TECHNICAL DATA 


The RF Line 
Microwave Power 


TRW63601 


Oscillator Transistor cae 
| | a | as POWER 

... designed for use as power oscillators at frequencies to 3.5 GHz with guaranteed OSCILLATOR 

output power of 0.6 W @ 2.3 GHz. : eehe | | TRANSISTOR 


Operation to 3.5 GHz — | 

High Output Power (0.43 W Typ @ 3 GHz) 

Rugged — Capable of Withstanding High Load VSWR 
High Reliability: 

Hermetic Package 

Gold Metallization 

Diffused Emitter Ballast Resistor 

Common Collector Configuration 


MAXIMUM RATINGS 
200 


—65 to +200 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage (ic = 10 mA, IB = 0) a | vierceo | 200=«-«|. UC] 

Collector-Base Breakdown Voltage (Ic = 1 mA, IE = 0) | visricpso | 45 | CU OT Vv 

Emitter-Base Breakdown Voltage (lp = 0.25 mA, Ic = 0} | | Vierepo | 35 | | UC Vde 

Coliector-Emitter Breakdown Voltage (Ic = 10 mA, Rpg = 10 2) fF — [| -— | 
a 


Collector Cutoff Current (Vcg = 28V, IE = 0) | ICBO Fo | 


ON CHARACTERISTICS 


DYNAMIC CHARACTERISTICS . . 
ef eee 
FUNCTIONAL TESTS 

Oscillator Output Power (VceE = 20 V,f = 2.3 GHz, IE = 120 mA) 


Load Mismatch 
(VcE = 20 V, IE = 120 mA, Pout = 0.6 W, f = 2.3 GHz, 
Load VSWR = ©:1, All Phase Angles) 


Cutoff Frequency (VcE = 20 V, IE = 120 mA) 


No Degradation in 
Output Power 


MOTOROLA RF DEVICE DATA 
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TRW63601 


TYPICAL CHARACTERISTICS 
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f, FREQUENCY (GHz) 


Ve, COLLECTOR-TO-EMITTER VOLTAGE (VOLTS) 


Figure 2. Output Power versus Frequency 


Figure 1. DC Safe Operating Area 
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C3 
© 


= 
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Figure 3. Small Signal S-Parameters 


= 120 mA) 


20 V, le 


(VcE 
MOTOROLA RF DEVICE DATA 


2-1394 


TRW63601 


BASE EMITTER BIAS 


C1 —.220 pF (chip) 

C2 — 220 pF (chip) + 10 nF 

C3 — 220 pF (chip) + 10 nF + 10 uF 
C4 — 0.6—4.5 pF (Frequency tuning) 


L — adjust to obtain the maximum output power 


6 — 0.115 Ag for fo = 2.3 GHz 
6 — 0.06 Ag for fo = 3 GHz 


Zp = 500. | 
. HH) — 
Zp = 800 C1 500, 
20 mm 
<< —_____ > 
L~ 7mm 


Figure 5. PC Board Layout for fy = 2.3 GHz (BW = 500 MHz) 


20mm 
| <——_> 
*C; CG . 
L~ 3mm 
C, . — 


Figure 6. PC Board Layout for fg = 3 GHz (BW = 500 MHz) 


*Foil-wrap asterisked edge to ground plane. 
Board material: — 0.020” Glass teflon (e, = 2.55) 
Adjust L to obtain the maximum output power 


MOTOROLA RF DEVICE DATA 


2-1395 


MOTOROLA. 


= SEMICONDUCTOR 
TECHNICAL DATA 


| 3 TRW63602 
The RF Line 
Microwave Power 


scillator Transistor MICROWAVE 
POWER 
... designed for use as power oscillators at frequencies to 3.5 GHz with guaranteed OSCILLATOR 


output power of 1.2 W @ 2.3 GHz. | —< TRANSISTOR 


Operation to 3.5 GHz . 

High Output Power (0.85 W Typ @ 3 GHz) | 
Rugged — Capable of Withstanding High Load VSWR 
High Reliability 

Hermetic Package 

Gold Metallization 

Diffused Emitter Ballast Resistor 

Common Collector Configuration 


MAXIMUM RATINGS 


THERMAL CHARACTERISTICS 


Thermal Resistance, Junction to Case Re@JC °C/W 


ELECTRICAL CHARACTERISTICS 


OFF CHARACTERISTICS 


ON CHARACTERISTICS 


DYNAMIC CHARACTERISTICS 

Output Capacitance (Vcp = 28 V, Ip = 0, f = 1 MHz) | | cp | — | = | 55 | oF | 
FUNCTIONAL TESTS 

Oscillator Output Power (VcgE = 20 V, f = 2.3 GHz, IE = 230 mA) 


Load Mismatch 
(VCE = 20V, Ip = 230 MA, Pout = 1.2 W, f = 2.3 GHz, 
Load VSWR = o:1, All Phase Angles) 


Cutoff Frequency (Vce = 20 V, Il—E = 230 mA) 


No Degradation in 
Output Power 


“MOTOROLA RF DEVICE DATA 


2-1396 


TRW63602 


TYPICAL CHARACTERISTICS 
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+ = =< = 


~ —™N 
(VW) INSHHNO HALL ‘3 


f, FREQUENCY (GHz) 


Figure 2. Output Power versus Frequency 


VCE: COLLECTOR-TO-EMITTER VOLTAGE (VOLTS) 
_ Figure 1. DC Safe Operating Area 


Figure 3. Small Signal S-Parameters __ 


(VcE 


230 mA) 


20 V, IE 


_ MOTOROLA RF DEVICE DATA 


2-1397 


TRW63602 


BASE EMITTER BIAS 


C1 — 220 pF (chip) 

C2 — 220 pF (chip) + 10 nF 

C3 — 220 pF (chip) + 10 nF + 10 uF 
C4 — 0.6—4.5 pF (Frequency tuning). 


L — adjust to obtain the maximum output power 


6 — 0.115 Ag for fp = 2.3 GHz ; ; 
6 — 0.06 Ag for fg = 3 GHz | = Zo = 500 


Figure 5. PC Board Layout for fg = 2.3 GHz (BW = 500 MHz) 


C,* 
3 = 3 : 20mm 
: <.—__> 
*C, C, 
L~ 7mm 
| 
C, meee 


Figure 6. PC Board Layout for fg = 3 GHz (BW = 500 MHz) 


*Foil-wrap asterisked edge to ground plane. 
Board material: —0.020” Glass teflon (e, = 2.55) 
Adjust L to obtain the maximum output power 


~-MOTOROLA RF DEVICE DATA 
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MOTOROLA 
a SEMICONDUC?AG. I 
TECHNICAL DATA | 


TRW64601 
The RF Line 


Microwave Power 


Oscillator Transistor | | icrowave 
a . “POWER — 
... designed for use as power oscillators at frequencies to 5 GHz with guaranteed output OSCILLATOR 


power 0.3 W @ 4 GHz. : ; TRANSISTOR | 
Operation to 5 GHz 

High Output Power (0.35 W Typ @ 4 GHz) 

Rugged — Capable of Withstanding High Load VSWR 
High Reliability 

Hermetic Package 

Gold Metallization 

Diffused Emitter Ballast Resistor 

Common Collector Configuration 


MAXIMUM RATINGS 


Collector-Emitter Voltage V 

v 
3.5 V 
200 


Emitter-Base Voltage | | — VEBO ae 


THERMAL CHARACTERISTICS 


Thermal Resistance, Junction to Case . ReJc a ee eee 


ELECTRICAL CHARACTERISTICS 


OFF CHARACTERISTICS 


ON CHARACTERISTICS 


DC Current Gain (Ic = 100 mA, VcE = 5 V) hFE | 2 =| — | 120 | | 


DYNAMIC CHARACTERISTICS . 
FUNCTIONAL TESTS | 


Oscillator Output Power (Vcge = 20 V, f = 4 GHz, IE = 120 mA) 

Load Mismatch oO . No D dation j 
(VcE = 20 V, IE = 120 mA, Pout = 0.3 W, f = 4 GHz, - ave ion in 
Load VSWR = o:1, All Phase Angles) utput rower 


Cutoff Frequency (VcE = 20 V, IE = 120 mA) 


MOTOROLA RF DEVICE DATA 
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TRW64601 


Pout, OUTPUT POWER (mW) 


TYPICAL CHARACTERISTICS 


le, EMITTER CURRENT (mA) 


0 5 10. 15 20 25 


Veg, COLLECTOR-TO-EMITTER VOLTAGE (VOLTS) 
Figure 1. DC Safe Operating Area 


Pout, OUTPUT POWER (WATTS) 


f, FREQUENCY (GHz) 


Figure 2. Output Power versus Frequency 


f, FREQUENCY (GHz) 


Figure 3. Output Power versus Frequency 
with a Fixed Tuned Output Circuit 


MOTOROLA RF DEVICE DATA 
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fy = 4 GHz 
BASE BIAS EMITTER BIAS 


RI HE HE « 
abo KG — C7 <S 0.25 Ag 


oak rae tHE Hi 
| C2 C6 
™m 
AA 
28 | | 4 
2 f 
Ae 
ah ot ()® C5 
C1 yh es 
a iat) 
vA SD 
C4 


Z1— 23.50 01—0.52 Ag 

22 — 80/67 0 62 —0.25 Ag 

73 —500 63 — 0.095 Ag; @’3 — 0.140 Ag 

Adjust 63 and 93 to obtain the maximum output power 
Z4— 620 64 — 0.05 Ag 


05 — 0.18 Ag 
R1 — 160 0 
R2—10 


C1 — 0.4-2.5 pF 

C2, C6 — 100 DE (chip) + 10 nF 
C3, C7 — 10 nF 

C4, C5, C8 — 33 pF (chip) 


Figure 4. Test Circuit 


50 mm 


//// Foil wrap edge to ground plane 


Board Material: 0.020” Glass teflon; 
€r = 2 

Board Material: 0.025” 

Epsilan 10; er = 10.2 


Figure 5. PC Board Layout for fg = 4 GHz (BW = 700 MHz) 
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MOTOROLA 


a SEMICONDUCTOR 
TECHNICAL DATA 


The RF Line | TRW64602 


Microwave Power 
Oscillator Transistor 


MICROWAVE 
POWER 
OSCILLATOR 
TRANSISTOR 


... designed for use as power oscillators at frequencies to 5 GHz with guaranteed output 
power of 0.55 W @ 4 GHz. : . 
Operation to 5 GHz 

High Output Power (65 W Typ @ 4 GHz) 

Rugged — Capable of Withstanding High Load VSWR 

High Reliability . 

Hermetic Package 

Gold Metallization 

Diffused Emitter Ballast Resistor 


MAXIMUM RATINGS 


200 
THERMAL CHARACTERISTICS 


ELECTRICAL CHARACTERISTICS 


PC harasortn ——~SCSCS~S*~*~*~*~*~rSC« em] Me 


OFF CHARACTERISTICS 


ON CHARACTERISTICS 


[De cunent Gain c= BOOmAVeE=svSCSC~“*‘“*~drSCi‘i:C*dC“C(‘aSdS Sd id 


DYNAMIC CHARACTERISTICS 


FUNCTIONAL TESTS 


Oscillator Output Power (VcE = 20 V, f = 4 GHz, Ic = 240 mA) | Gpe | 550 


Load Mismatch No D dati _ 
(Vee = 20 V, Ic = 240 mA, Poyt = 550 mW, f = 4 GHz, . aoe is ion in 
Load VSWR = o:1, All Phase Angles) utput rower 


MOTOROLA RF DEVICE DATA 


2-1402 


TRW64602 


TYPICAL CHARACTERISTICS 


= 
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— 
= 
aad 
Cc 
=) 
oO 
[aa 
Lu 
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tu 
a 
Vce, COLLECTOR-TO-EMITTER VOLTAGE (VOLTS) 
Figure 1. DC Safe Operating Area 
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f, FREQUENCY (GHz) 


Figure 2. Output Power versus Frequency 


MOTOROLA RF DEVICE DATA 


2-1403 


MOTOROLA RF DEVICE DATA 


2-1404 


Volume | 


Case Dimensions 


Case Dimensions 


g 

Ff 

Fe 
x 


STYLE 10: 


STYLE 1: STYLE 1: 
PIN 1. EMITTER PIN 1, EMITTER PIN 1, EMITTER : 
a CaecrOe 2.BASE 2. BASE 
4, CASE 3. COLLECTOR E 3. COLLECTOR 
| MILLIMETERS INCHES MILLIMETERS INCHES MILLIMETERS INCHES 
DIM | MIN | MAX | MIN | MAX om | MIN | MAX | MIN pm | MIN MAX _| MIN. | MAX 
[A 531 | 584 | 0.209 | 0.230 A | 531 | 584 | 0,209 A 631 | 584 | 0.209 | 0.230 
B | 452 | 495 | 0.178 | 0.195 B | 452 | 495 | 0178 | B | 452 | 495 | 0178 | 0.195 
c 432 | 533 | 0.170 | 0.210 c [| 432 | 533 | 0.170 c | 165 | 216 | 0.065 | 0.085 
a) 041 | 053 | 0.016 | 0.021 D | 0.406 | 0533 | 0.016 DI 0.406 | 0533 | 0.016 
a: — | 076 — | 0.030 E — | 0762 E — | 1.02 ~ 
F a41 | 048 | 0016 | 0.019 F | 0.406 | 0.483 F | 0305 | 0.483 | 0.012 
G 2.54 BSC 0.100 BSC G 2.54 BSC G 2.54 BSC 
H ue] 0,046 H | 0914 | 117 H | 0914 | 1.17 
J 0.028 | 0,048 3 | o7t | 122 J | o7t | 122 
0500 | — K | 12.70 K_ | 12,70 = 
0.250 | — L | 635 L | 6.35 ee 
45° BSC 45° BSC Mi 45° M 45° BSC 
Ht 127BSC_ | —_0.050 BSC N 1.27 N 1.27 BSC 
P| —- [17 | - 0.050 P - P a 1.27 
CASE 20-03 CASE 22-03 CASE 26-03 
(TO-206AA) (TO-206AB) 


(TO-206AF) 


D 


STYLE 1: 
NYS PIN 1. EMITTER 
Ww STYLE 1: +| $0.36 (0.014) @ | T H® 
aS Ae. 3. COLLECTOR PIN ev = 
; LE 1: 
ee 3, COLLECTOR | -H- | a PIN 1, EMITTER 
CASE, ISOLATED G 2. BASE 
PIN 1, BASE 
ae 3. COLLECTOR 
2, EMITTER M 
3, COLLECTOR > mee 
J PIN 1. COLLECTOR 
INCHES 2. BASE 
MILLIMETERS _|_ MIN. | MAX 3. EMITTER 
0.424 | 0.437 
mee Hee 0.245 | 0.295 MILLIMETERS INCHES 
5.20 0.035 | 0.080 pim | MIN | MAX | MIN | MAX 
C 4.19 0.100 1 0.135 CA 8.51 | 9.39 | 0.335 | 0.370 
D 01401 0.160 B | 7.75 | 850 | 0.305 | 0.335 
F 0.200 BSC c | 610 | 660 | 0.240 | 0.260 
G — T0078 p | o41 | 053 | oo16 | 0.021 
H TTS E { 0.23 | 1.04 | 0.009 | 0.041 
: F | 041 | 0.48 | 0016 | 0.019 
: aan G 5.08 BSC 0.200 BSC 
j ani eal nae H | 072 | 0.86 | 0.028 Laos! 
N 0.189 J | 074 | 1.14 | 0.029 | 0.045 
P ai3_| 914 0,360 an 
R | 343 | — 4,650 | “4,803 0.1891 7 ie a + Seaan 
s_| 039 | 050 | 0015 914 | 11.10 0.437 a_i" 9S¢—_}_t5° BS 
iin ae ee 
CASE 29-04 CASE 36-03 CASE 79-04 
(TO-226AA) (TO-60) (TO-205AD) 


MOTOROLA RF DEVICE DATA 


3-2 


[+]0036 (0014) ® [tla @[ nO] 


STYLE 5: 
PIN: 1. COLLECTOR 
2. BASE 


3. EMITTER 


STYLE 7; 
PIN 1. DRAIN 
2. GATE 
3. SOURCE 


MILLIMETERS | INCHES 


MAX_|_ MIN [MAX 


9.29 | 0.355 | 0.366 
8.50 | 0.315 | 0.335 
457 | 0.165 | 0.180 
0.53 | 0.017 ose 
0.98 | 0.017 | 0.035 
0.48 | 0.016 | 0.019 
BSC 0,200 BSC 
0,86 | 0.028 | 0.034 
1.01 | 0.029 | 0.040 
19.05 | 0.500 | 0.750 
— 0250s 
BSC 45° BSC 
1.27 [ — | 0.050 
a ee 


CASE 79-05 
(TO-39 CE) 


S 
= 


ie 


mio le 


—- 


wos ie [SS aia 


STYLE 1: 
PIN 1, EMITTER 
2, BASE 
3, EMITTER 
4. COLLECTOR 


MILLIMETERS [INCHES 
DIM _|_MiN [ MAX | 


CASE 145A-10 
(.500" STUD) 


STYLE 1: 
PIN 1. EMITTER 
2. BASE 
3, EMITTER 
“| STYLE 1: 4-COLLECTOR 
| PIN 1. EMITTER : 
2. BASE 
3. EMITTER 
4, COLLECTOR 


2.54 
3.35_ | 0.098 


CASE 145A-09 
(.380” STUD) 


CASE 144B-05 
(.380" STUD) 


STYLE 1: STYLE 2: 
STYLE 1: PIN 1, EMITTER PIN 1. SOURCE 
PIN 1: EMITTER 2. BASE | 2. GATE 
2. BASE 3. EMITTER 3. SOURCE 
3. EMITTER 4. COLLECTOR 4, DRAIN 
4. COLLECTOR 


MILLIMETERS 


MIN 
24.39 


MILLIMETERS INCHES 
MIN | MAX 
9.28 | 
8.13 
17,78 
5.59 | 5. 
4.07 [| 4.31 | 0.160 
mag ean aon 30 | 0.113 Puta 
6.74 | 7. AT | 0.245 | 0,255 
2.54 : k i 0.790 tee 


1.53 R I. . 0.720 | 0.730 


CASE 211-07 
(.380” FLANGE) 


CASE 145D-01 
(.380 SOE) 


MOTOROLA RF DEVICE DATA 


3-3 


CASE DIMENSIONS (continued) 


MILLIMETERS _| 


INCHES 


STYLE 1: 


MIN | MAX [| MIN 


4 
= 


MAX PIN 1. EMITTER 


24.39 | 25.14 | 0.960 


0.990 2, BASE 


11.82 | 12.95 | 0.465 


0510_| 3, EMITTER 


5.82 | 6.98 | 0.229 


0.275 4, COLLECTOR 


ClO lwp 


2.16 3.93 | 0.085 
0.084 
4.52 | 0.144 


| 


0,155 
0,110 
0.178 


0.17_| 0.003 
= 0,700 


0.007 


45° NOM 


45° NOM 


293 | 3.30 | 0.115 
6.47 | 0.245 


6.23 


0,130 


0.255 


C31 /S |x |e |x [rn 


18.29 


0.730 


10.54 | 0.720 


STYLE 1: 
PIN 1, EMITTER 
2, BASE 
3. EMITTER 
4. COLLECTOR 


STYLE 2: 
PIN 1, SOURCE 
2. GATE 
3. SOURCE 
4. DRAIN 


MILLIMETERS 


INCHES 


MIN | MAX 


0.960 | 0.990 


| 
DIM | MIN | MAX | 
24.39 | 25.14 | 


11,82 | 12.95 


0.465 | 0.510 


5.82 | 6.98 


0.229 | 0.275 


5.49 5.96 


0.216 | 0.235 


2.14 2.79 


0.084 | 0.110 


0.144 | 0.178 


| 

| 
3.66 | 4.52 
0.08 | 0.17 


0.003 | 0.007 


0.435 = 


| 
11.05 |: — | 
45°NOM _| 


45° NOM 


0.115 } 0.130 


0.246 | 0.255 


293 | 3.30 
6.25 | 6.47 
70.29 | 18.54 | 


0.720 | 0.730 


STYLE 1: 
PIN 1. BASE 
2. COLLECTOR 
3. EMITTER 
4. COLLECTOR 


STYLE 2: 
PIN 1. BASE 
2, EMITTER 
3. COLLECTOR 
4, EMITTER 


| 9.66 | 10. 
| 0.64 | 0. 
|_ 3.61 | 


eee 
14,48 | 15.75 | 0.570 
0. 


[0.380 | 0.405 | 


ee Ino fos [> |e 1S 
ES |B jos [BB IRB [os 
.—J 


= 
> 
Ro 
~~ 


CASE 211-11 


CASE 211-10 
5 (.500” FLANGE) 


K 
fees Oo econ ps 
ea i STYLE 1 
. aoe PIN 1, EMITTER 
; 2. BASE 
4. COLLECTOR 3. FMITTER 
A 4. COLLECTOR 
8-32 NC 2A STYLE 3: | f 
i PIN 1. BASE : R 
WRENCH FLAT 2. EMITTER H 
STYLE 1: he | care " = 
PIN 1, EMITTER PIN 1, BASE . c 
2. BASE 2. EMITTER 
a nee ANSE 8-32UNC-2A 
Se a shaeaaas MILLIMETERS INCHES # 
MILLIMETERS INCHES DIM MIN MAX MIN MAX ' 
DIM | MIN MAX |. MIN MAX A 7,06 7.26 | 0278 | 0.286 
A 7.06 7.26 0.278 0.286 B 6.20 6.50 0,244 | 0,256 
B 6.20 6.50. | 0.244 | 0.256 - Cc 15.24 | 1651 | 0.600 | 0.650 MILLIMETERS | INCHES 
C 14.99 16.51 0.590 0.650 D 0.66 086 | 0.026 | 0.034 DIM | MIN MAX MIN MAX 
D 5.46 5.96 | 0-215 | 0.235 E 1.40 1.65 | 0.055 | 0.065 LA 6.99 7.23 | 0.275 | 0,285 
E 1.40 | 165 | 0.055 | 0.065 F 152 as 0.060 a B 6.23 6.47_ | 0.245 -| 0.255 
F 152.) — 0.060 = J 0.10 0.15 0,004 | 0.006 c 11.18 || 11.68 | 0.440 | 0.460 
J | 0.08 0.17 | 0.003 | 0,007 K 1.17 es 0,440 a | DO 5.59 5.84 | 0.220 | 0.230 
‘K 11.05 ~ 0.435 = M 45° NOM 45° NOM H 2.88 3.12 | 0.113 | 0,123 
M ; 46° NOM 45° NOM Pp = 1.27 = 0.050 J 0.11 0.15 | 0.004 | 0.006 
Po} | 127 | — 4 0.050 S$ | 274 | 335 | 0.108 | 0.132 K_| 26.80 | 27.05 | 1.055 | 1.065 
$s 3.00 3.25 | 0.118 | 0.128 T 1.40 1.78 | 0.055 | 0.070 N 6.81 731 | 0.268 | 0.288 
T 1.40 177 0.055 0.070 U 2.92 3.68 0.115 0.145 [ R _ 5.46 ~ 0.215 | 
U 292 | 3.68 


0.115 | 0.145 


CASE 244C-01 
(.280 SOE) 


CASE 244A-01 
(TO-117) 


CASE 244-04 
(.280” STUD) 


MOTOROLA RF DEVICE DATA 


3-4 


STYLE 1: STYLE 2: 
PIN 1. EMITTER PIN 1. BASE 
2. BASE 2. EMITTER 
3. EMITTER 3. BASE 
4.. COLLECTOR 


a) chet 


8-32UNC-2A | 


Vv 
Yo 


MILLIMETERS INCHES 
MIN | MAX 
0.265 | 0.285 
[o.588_{ “0.639 
0,025 | 0.035 
0.104 | 0.134 
0.004 | 0.006 
0.440 | 0.460 
140 | 1.65 | 0.055 | 0.065 
5.21 0.205 | 0.250 
2.93 0.115 | 0.145 
1.40_| 0.055 | 0.065 


CASE 244D-01 
(TO-117A) 


= 


</DOR [OO | > 


le 


STYLE 1: 
PIN 1. COLLECTOR 
2. EMITTER 
3. BASE 
4. EMITTER 


CASE 303-01 
(.100” CERAMIC) 


Pie” Ie 

: STYLE 1: 
SS PIN 1, EMITTER 
f \ i 2. BASE 
SEATING PLANE : 3. EMITTER 


4. COLLECTOR 


MILLIMETERS INCHES 
MIN MAX 
0.278 | 0.286 


| 
| 
| ona | 0.136 
| 


0.215 | 0.235 
0.003 | 0,007 
0,436 = 
45° NOM 
0.055 | 0.066 


CASE 249-05 
(.280” PILL) 


—s 
ea 
eS, 

. 
= | 
= 
—? 
pe | 


aN 


e 


STYLE 1: 
PIN 1. EMITTER 
2. BASE 
3. EMITTER 
4. COLLECTOR 


CASE 305-01 
(.204” STUD) 


MOTOROLA RF DEVICE DATA 


3-5 


STYLE 1: 
PIN 1. EMITTER 
2. BASE 


3. EMITTER 


4, COLLECTOR 


CASE 249A-01 
(.280 SOE S) 


STYLE 1: 
PIN 1, EMITTER .- 
2. BASE 
3, EMITTER 
4. COLLECTOR 


MILLIMETERS INCHES 


MIN MAX MIN MAX 


4 


5.08 6.59 {| 0.200 | 0.220 


1: 


2.41 | 330 | 0.095 : 0.130 
1.40 | 1.65 | 0.055 | 0.065 


1.02 | 1.27 | 0.040 + 20st 
0,035 


| 0.64 | 0.89 | 0.025 


0.08 | -018 | 0.003 | 0.007 


11.05 | — | 0435 | — 


Z| [mm lolo [> |Z 


45° NOM 46° NOM 


CASE 305A-01 


(.204” PILL) 


CASE DIMENSIONS (continued) 


c 
STYLE 1: ; STYLE 1: 
PIN 1. EMITTER PIN 1. EMITTER 
2. BASE : 2. COLLECTOR 
3. EMITTER 3, EMITTER 
4, COLLECTOR 4, BASE 
c 
STYLE 1: MILLIMETERS INCHES 
PIN 1. EMITTER MIN | MAX | MIN | MAX 
Cc 2. BASE [2438 {25.14 | 0960 | 0.990 
8-32UNC-2A { 3. EMITTER 12.45 | 12.95 | 0.490 | 0.510 
4. COLLECTOR © 597 | 7.62 | 0.235 | 0.300 
a 558 | 0.210 | 0.220 
216 | 304 | 0.085 | 0.120 
MILLIMETERS | — INCHES —] MILLIMETERS INCHES Tom CEE 
DIM | MIN | MAX [| MIN | MAX | oe 13.54 | 0.720 | 0.730 
A | 5.08 | 533 | 0.200 | 0.210 a0 | 0.15 | 0.004 | 0.006 
c¢ {11.31 11.55 | 0.445 | 0.455 i029 | 11.17 | 0405 |_o44o 
D | 305 | 3.30 0.120 | 0.130 381 | 406 | 0.150 | 0.160 
F_ [064 {0.88 {0.025 [ 0.035_| 05 381 1431 | 0.150 | 0.170 | 
H 2.29 | 2.54 | 0.090 | 0.100 ra 0 292 | 330 | 0.115 | 0.130 
|_J | 011 | 0.18 | 0.004 | 0.006 R | 308 | 330 1 0.120 | 0.130 
K_| 25.40 | 30.48 | 1.000 | 1.200 ; : u_[ tg94 | 1257 | 0470 | 0.495 | 
R = 457 | — | 0.180 | 
CASE 305B-01 CASE 305C-01 CASE 316-01 
(.200 SOE) (.200 SOE NS) (.500" CQ) 


STYLE 1: 
STYLE 1: PIN 1. DRAIN 
2. COLLECTOR 3. GATE 1 
3, EMITTER 4, GATE 2 
PIN 1. COLLECTOR 
ee ” 2. EMITTER 
4, EMITTER . 
ae =i STYLE 3: STYLE 2: 
2. GROUND s a 
MILLIMETERS INCHES ai SEATING PLANE 3, INPUT : 
24,64 | 24.89 | 0.970 | 0.980 
12.58 | 12.82_| 0.495 | 0.505 
MILLIMETERS INCHES 
[e | 242 | 2.66 | 0.095 | -0.105 ca INCHES MIN. | MAX | MIN | MAX | 
F [381 | 406 | 0.160 | 0.160 | aN {MAX [MIN } ie A | 4a | 52t | 0175 | 0.205 
G 
H 
J 
K 


PIN 1. EMITTER 2. SOURCE 
ace STYLE 2: 
3, BASE 
PIN 1. OUTPUT PIN 1, COLLECTOR 
[MIN [ MAX | MIN | MAX 4, GROUND 
Go tee 0.300_| 
mt 5.08 0.200 0210 
18.29 5.21 | 0.175 | 0.205 190 | 254 | 0075 | 0.100 


407 . | 254 | 0.075 | 0.100 0.84 | 099 | 0.033 | 0.039 
84 | 0.99 | 0. 0,039 0.20 | 030 | 0008 | 0.012 
0,30 | 0. 0.76 | 1.14 | 0.030 | 0.045 

0.040 | 0. 114 | 0. ; 724 | 8.13 | 0.285 1 | 

330 | 0.115 | 0. 4 on joss | 1143 [0415 | 0.460 


6.47 | 0.245 
18.54 | 0.720 | 0. Lbs 


| 1.66 | 1.90 | 0.065 | 0.075 


CASE 316A-01 | CASE 317-01. | CASE 317A-01 
(.500 J ZERO) (MACRO-X) (MACRO-T) 


1.65 a 0.065 


MOTOROLA RF DEVICE DATA 


3-6 


; ; STYLE 1: STYLE 4: 
STYLE 6: PIN. COLLECTOR PIN 1. OUTPUT 
PIN 1. BASE 2. EMITTER - 2, GROUND 
2. EMITTER 3. EMITTER 3. GROUND 
STYLE 2: STYLE 3: 3. COLLECTOR 4, INPUT 
PIN 1. COLLECTOR PIN 1, COLLECTOR hd 
2. EMITTER 2, BASE MILLIMETERS INCHES 


3, BASE 3, EMITTER MILLIMETERS INCHES eel 
4, EMITTER 4, BASE MIN | MAX | MIN | MAX 


“MILLIMETERS | __ INCHES 2.800 | 3. ort | 
MIN {| MAX [MIN [MAX 


tf 308 
0.0472 

5,20 | 0.175 | 0.205 
a. - 508 | 0.0200 


0.07 0.100 


sou 0.039 | RE 
0.097 _| 0.104 ‘ 2 
0.348 | 0.383 450 | 0: K 

0.008 | 0.012 | robes) 248 
0.285 | 0.320 ; 0984 pe 
aes 0.085 | | 599 | 0.0180 | 0.0236 | - 0.83 
— {3.25 [ — | 0.128 | NT 0. 018 _| 0.0350 | 0.0401 Tu! 
[064 | 1.01 | 0.025 | 0.040 


CASE 318-05 CASE 318A-04 
CASE 317D-02 STANDARD PROFILE LOW PROFILE 
(TO-236AA) (SOT-143) 


Q2PL 


IDENTIFCATION [¢[40:15 10.008 ® [tT] a @[n @| 


NOTCH 


4 
Ce] 
5 


STYLE 1: | 
PIN 1, COLLECTOR 
2. EMITTER K 


3, EMITTER F ee T 
a — [410.38 (0.019) ® [tf a @][n | 
B 
Witerano [tT] a @[n @} 


ae ee t STYLE: 
TV € PIN 1. BASE (COMMON) 
U nee 2. EMITTER {INPUT} 
ai T 3, BASE (COMMON) 
4, BASE (COMMON) 

5. COLLECTOR (OUTPUT) 
INCHES 6. BASE (COMMON) 


MAX 
anit Fo20 [ I MILLIMETERS | INCHES STYLE2: 
1. : DIM MAX | MIN | MAX. | PIN 1, EMITTER (COMMON) 
1.24 | 0,041 + 24.52 | 25.01 | 0.965 | 0.985 2. BASE (INPUT) 
1.14 | 0.033 | : + 52 | 0.355 | 0.375 , EMITTER (COMMON) 
— [aso Toor | 0.020 | 5 | 660 | 0230 | 0.260 | | EMITTER (COMMON) 
0.15 [0.003 | 0. 3.17 ung “0s "COLLECTOR (OUTPUTI 
[2.03 | 0.070 | 0.080_| 296 | 0.106 | 0.116_| _ EMITTER (COMMON) 
0.60 | 0.0175 | 0. . 2.15 | 0.075 [0.085_| 
0.25 | 0,004 | 0: 431 | 0.160 | 0.170 
0.102 | 0.0005 | 0. {0.11 | 015 | 0.004 | 0.006 
2.48 | 0.083 | 0. 7 2. 279 | 0.090 | 0.110 


4 
0.60 | 0.018 | 0. 0.725 BSC 
0.83 | 0.028 |_0. $72 | 6.12 | 0.225 | 0.241 serie coMpion 
Coss | 0031 | 0. Se Sea 1 . DRAIN (OUTPUT) 


CASE 318B-03 
STANDARD PROFILE CASE 319-06 
(SOT-143) . (CS-12) 


SOURCE (COMMON) 
. GATE (INPUT} 


MOTOROLA RF DEVICE DATA 
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CASE DIMENSIONS (continued) 


ee 


STYLE 1: 
PIN 1, GATE (INPUT) 
2. GATE [INPUT) 
3. DRAIN (OUTPUT} 
4, DRAIN (OUTPUT) 


SQURCE 1S FLANGE 


ai 


MILLIMETERS _| 


INCHES | 


MAX | MIN 


MAX 


25.02 | 0.966 


t 


0.985 _| 


9.52 | 0,356 


6.60_| 0.230 


0.375 
0.260 1 


1.65 | 0.055 


0.065 


2.94 | 0.106 


(Lo.1eé 


4 


1.65_ | 0.055 


0,065 


431 | 0.160 | 0.170 


~ 


0.004 


0.006 


{0.120 


0.140 | 


0.725 BSC 


{0.225 [ 0.241 ] 


0.125 


0.135 


CASE 319B-01 


K N 


MILLIMETERS 


INCHES 


g 


Mt 


MIN | 


MIN | MAX 


24.64 


0.970 | 0.980 | 


{— 


572 | 


0.225 | 0.235 


6.10 


0.240 | 0.260 _| 


4. 


2.93 


0.115 | 0.125 


2.72 


0.107 | 0.117 


4.83 


0.190 | 0.210 


4.07 


0.160 | 0.180 


0.11 


{0.004 | 0.006 


t 


10.80 


0.425 | 0.450 


45° NOM 


0.365 | 0.385 


0.120 | 0.130 


CIC [ 2/2 j/R [CC [2 [Oim Ola |w |S 


0.720 | 0.730 


[+ 0.15 0.008) @ [tT] A @] 8 @] L 
tt 


wn 


mop 
= 


(” ~ [_MILLIMETERS 


INCHES 


o 


MIN 


MAX 


MIN__| 


MAX 


20.20 


20.57 


0,795 


0,810 


6.23 


6.47 


0.245 | 0.255 


| 3.69 | 


4.31 


0.145 


0.170 


2.93 


3.17 


[0.115 


0.125 


11.40 


1.77 


0.055 


0.070 


4.16 


4 


1,39 


| 0.045 


0.055 


14.22 BSC 


0.560 BSC 


[0,08 


0.15 


0,003 | 0.006 


AEE (Gd [I [C> [Co (a> Se 


9.52 


0.375 


4.69 


0.175 


0.185, 


3.42 


b. 


0.420 


0.435 


5.97 


0,225 


0.235 


3.55 | 0.115 


0.140 


CASE 328A-02 
(FLANGE) 


SEATING 
PLANE 


STYLE 1: 
PIN 1. EMITTER 
2, COLLECTOR 
3. BASE 


MOTOROLA RF DEVICE DATA 


CASE 319C-01 


_ (EB) 


=O; 
T 


STYLE 1: 


PIN 1. 


BASE 

2, EMITTER 

3. BASE 

4. BASE 

5. COLLECTOR 
. BASE 


STYLE 2: 


PIN 1. EMITTER 


2. BASE 

3, EMITTER 
4, EMITTER 

5. COLLECTOR 
6. EMITTER 


STYLE 1: 


PIN 1. EMITTER 


2. COLLECTOR 


3. BASE 


ST 


L 


ht" 
' 


al 


A 


STYLE 1: 


PIN 1. EMITTER 
2. COLLECTOR 


3. BASE 


[MILLIMETERS 


a 


INCHES 


MAX 


MAX 


5.97 


MIN 
[ 0.225 


+ 


0.235 


470 


0.175 


0.185 


2.14 


[0.090 


0,108 


3.18 


0.115 


0.125 


4.40 


0.045 


[0.055 


0.15 


0.003 


0.006 


952 | 


0.375 


1.78 


[0.060 


CASE 328-02 


0.070 


b4 


[ MILLIMETERS | 


INCHES 


M | MIN 


MAX | 


MIN | MAX 


20.07 | 20.57 


0.790 | 0.810 


i. 


6.10 | 6.60 


0.240 | 0.260 


MILLIMETERS 


INCHES _ 


3.66 4.31 


0.144 | 0.170 


MIN 


MAX | MIN 


MAX 


293 | 3.17 | 


0.115 | 0.125 


572 _| 


9.96 0.225 


+ 


0.235 


+ 


1.40 1,65 


0.055 | 0.065 


2.29 


2.79 | 0.090 


0.110 


1.15 L 


0.045 [0.055 


2.93 


3.17 0.115 


0.125 


ae 


1.39 
293 | 3.42 di 


0.115 | 0.135 


115 | 


1.39 | 0,045 


mt 


0.056 


0.08 0.15 


0.003 | 0.006 


1.66 


1.90 0.066 


0.075 


572 | 6.98 


0,255 | 0.275 


0.08 | 0.15 


0.003 | 


0.006 


Th 


559 | 6.09 | 


0,220 | 0.240_| 


5.72 


6.98 | 0.225 


0.275 


3.18 3.42 


0.125 | 0.135 _| 


CASE 328E-01 


(GP-13 FLANGLESS) 


3-8 


CIO 2 (R[CIz HM VI1E |w |e 


14.03 | 14.52 | 


0552 | 0.572 | 


STYLE 1: 
. PIN 1. BASE 
2, COLLECTOR 
3. EMITTER 


STYLE 2: 
PIN 1. EMITTER 
2, COLLECTOR 
3. BASE 


STYLE 3: 
PIN 1. BASE 
2, EMITTER 
3, COLLECTOR 


CASE 328F-01. 


(GP-13) 


8-32UNC-2A 


STYLE 1: 
PIN 1, BASE STYLE 2: 
2, COLLECTOR INCHES STYLE 2: PIN 1. EMITTER 
3, EMITTER MIN | MAX PIN 1. EMITTER 2. BASE 
0.300 2. BASE 3, EMITTER 
0.260 3, EMITTER 4, COLLECTOR 


9.660 4, COLLECTOR 


[0.205 MILLIMETERS |” INCHES 

0.085 MIN. [| MAX [ MIN | MAX 
0.170 6.85 | 7.34 0.290 
| 0.068 |_| 0.150 
0.007 0.205 
0,070 


0.007 


— 


INCHES 
[min [| Max 
[0.226 | 0.240 
0.110 
0.055 


_MILLIMETERS 


| 


T 


>< ross Jc eon PS JO |e 


2 oe 


0.105 


Cle |S ir [Re (ae fm [mi (Oo fw | > 


=)-/-|_ [aloo |> |S 


Fo1i0 | 0.130 
0.110 | 0.120 


aL 


CASE 328G-01 CASE 332-04 CASE 332A-01 
(GP-13 S) (.380” STUD) (.280" PILL) 


Q2PL 
4 60.13 (0.005) @ [T] a @ 


IDENTIFICATION 
NOTCH 


MILLIMETERS INCHES 


MIN | Max [MIN | MAX NE EMITTER T 
24.51 | 25.02 | 0.965 | 0.985 . ; MILLIMETERS INCHES ~ STYLE}: 


ag1_| 10.41 | 0390 | 0.410 pea MIN | MAX | MIN] MAX PIN 1. BASE 
673 | 7.24 | 0.265 | 0.285 24.52 | 25.01 | 0.965 | 0.985 2. EMITTER 


483 | 533 |. 0.190 | 0.210 GBS 9.91 0.390 | 0.410 
“| | 6.35 0.250 | 0.290 aie 
: 4, BASE 


242 | 292 | 0095 | 0.115 
1.91 28 {0.075 | 0.090 SeaiecioR 


5.47 5.96 | 0.215 | 0.235 
18.42 BSC 0,725 BSC 2.42 92 | 0.095 | 0.115 
2,80 : 0.110 | 0.130 Beast 


3.94 | 444 | 0.155 | 0.175 ik 
0.10 | 0.15 | 0.004 | 0.006 3.94 | 444 | 0.155 | 0.175 
T a fi 

| 495 | 5.21 | 0.195 | 0.205 0.11 : 0.004 | 0,006 _| 
18.80 | 19.55 | 0.740 | 0.770 2.29 : 0.090 | 0.116 
10.54 | 10.80 | 0415 | 0,425 18.4) 0.725 BSC 

981 | 10.16 | 0390 | 0.400 10.55 : 0.415 | 0.435 

3.05 3.42 | 0.120 | 6.135 3.05 : 0.120 | 0,135 


- CASE 333-03 CASE 333A-02 
(MAAC PAC) 


= 
= 


+ 


- 


{ 


+ 


— 


Do ir is je S| MOO lw | 


P\2(-|x/[c |= /|m ola l> |S 


MOTOROLA RF DEVICE DATA 
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CASE DIMENSIONS (continued) 


STYLE 1: 


STYLE 2: PIN 1. EMITTER 
SEATING : 
PIN 4, COLLECTOR | | L-t] PLANE 2, COLLECTOR 
2. EMITTER 


3. BASE 
ea MILLIMETERS _[ INCHES ~ [_MILLIMETERS INCHES 
STYLE 1: 

[MILLIMETERS [INCHES | MIN | MAX | MIN | MAX | — PIN1. COLLECTOR pm {Mi [ MAX [MIN | 

| pm [ MIN | MAX | MIN | MAX 20.07 | 20.57 | 0.790 | 0,810 2. EMITTER A | 2007 | 2057 | 0.790 
A_| 2261 | 23.11 | 0890 | 0.910 6.43 | 6.78 0,253 | 0.267 _| 3. BASE R 6.73 | 0,255 
B 9.65 | 9.91 | 6.380 | 0,390 3.66 | 4.06 | 0.144 | 0.160 _| | 8 [406 | 0.145 
Cc 406 | 5.84 | 0.160 | 0.230 | 2.37 | 274 | 0.093 | 0.107 ; 279 | 0.090_| 0.110 
zi 0.51 0.76 .| 0.020 | 0.030 1.88 2.03 | 0.074 | 0.080 5 1.73 | 0.056 0,068 _| 
[1.40 [165 0.055 | 0.065 _| {006 [0.15 [0.002 | 0.006 15 | 0.002 | 0.006 
1651 B 0.650 BSC | 14.22 BSC 0.560BSC__| ; 0560BSC__| 
114 0.045 | 0070 1.10 | 1.44 | 0.043 | 0.057 _| 79 _|_0.090_ | 0.110 
vat o10 | — | 0,394 43 | 419 | 0.135 | 0.165 
9.91 0410 6.18 | 652 | 0.243 | 0,257 = [0.330 


| 3.00 al au | I | 0.125 | 0.135 0.120 | 0.130_| 


991 |° 10.41 0.410 Lo117 | 0.128 | ‘ ; 0.295 


|_| 


D 
[E 
G 
H 
[kK 
N 
ra 
R 


PIN 1, COLLECTOR 
2. EMITTER 
3, BASE 


[MILLIMETERS | INCHES STYLE2: 
PIN 1, COLLECTOR MILLIMETERS INCHES 


| MILLIMETERS INCHES STYLE 2: 
bim | MIN [| MAX [ MIN | MAX oo 
A 1,330_| 1.350 
2 BASE [MAX | MIN | MAX | STYLE t: B 0.370 [0.410 
3, EMITTER 85_| 38,35 | 1.490 | 1.510_| PIN 1. COLLECTOR ¢ . 84 | 0.190 | 0.230 
25.65 | 0.990 | 1.010 2. BASE D 0.215 | 0.235 
0,330 | 0.350 3, EMITTER 0,050 | 0.070 
0.004 | 0.006 
ie ate nee 1.100 BSC 
To. 0.130 PIN 1, DRAIN 0.090 | 0.115 
TRIBE | 2. GATE 0.090 | 0.110 
4 3. SOURCE Feast 

{1.250 BSC __| 
1,39 [0.045 | 0.055 oats | 0.435 
M1 0.415 | 0.435 0.053 | 0.074 
aera Lf 010 | 015 | 0.004 | 0.006 991 | 10.41 | 0.390 | 0410 

Lv [| 1427B8c | 0.562 BSC ; 

n [2297 | 23.11 | 0.890 | o9t0 


CASE 361A-01 CASE 368-01 CASE 375-01 
(HOG PAC) 


3 
4, 
5. SOURCE 


| 


{OQ | |r— | [=e 1 | [mm 


TJ 


> 


—| 


MOTOROLA RF DEVICE DATA 
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Q RADIUS zp 


[+]4025 (0.010) ® [tT] a @] 8 @] 


K 
a 
sel Lee'y [4Jo25 0.010) @ [tT] a @| 8 @| 


2 PL 


= F 2PL 

[4[025 0.010) ® [tla @[ 8 @| 

fe [=p] seatine 
- 


PLANE 


STYLE 1: 
PIN 1. COLLECTOR 
. 2. COLLECTOR 
STYLE 1: 3. BASE 
PIN 1. COLLECTOR 4. BASE 
2. EMITTER ; : 5. EMITTER 
3. BASE 


| SEATING 
To pane 


| MILLIMETERS INCHES _| Ml METERS + NcHES ear COLLECTOR 
MIN | MAX | MIN | MAX i 
MAX 2261 | 23.11 1 0890 | 0910 2. COLLECTOR DIM_| MIN | MAX | MIN MAX 
L nie ee Saal 1.190 {1.210 
0,910 10.16 | 0.370 | 0.400 . BASE 

0,400 T0105 [0135 | - BASE ; 0.380 | 0.390 _| 
: c {. {0.133 | 0.165 

0,185 ; 2.15 | 0.065 | 0.085 | . EMITTER : 


0.110 65 | 0.055 | 0.065 _| Tee Oe 
0.003 | 0.006 0.110 | 


0.650 BSC . 
0.006 
{ 0.160 | 0.175 | 0.095 | 


eae ne 
: [0.130 | 


‘95 | 0.490 | 0510 
1.53 | 1.77 [0.060 as ise 1 
a1 | 4041 {0390 | 0.10 | 0.136 


[ MILLIMETERS | INCHES 


4 


— 


Ls] ,ig 
= 


dls lel alse, 


snane 


CASE 376-01 CASE 382-01 CASE 390-01 
(HLP-50) 


od 
—— 


. BASE 
STYLE 1: . BASE 
PIN 1. oes STYLE 1: . COLLECTOR 
2. Se PIN 1. COLLECTOR ~ COLLECTOR 
3. 2. EMITTER . EMITER 


3. BA 
MILLIMETERS Pe MILLIMETERS INCHES 


min | MAX | MILLIMETERS | INCHES MAX | MIN | MAX 
20.07 | 20.69: | 0. pim {MIN [ MAX | MIN _ “‘[aos7 10.790 10810] 
TA2 {7.62 2057 | 0.790 | 0.810 B | 6.85 | 0.250 | 0.270 
3.48 | 431 | | 685 | 0.250 | 0.270 02 | 0.165 | 0.198 
229 | 279 469 | 0.163 [0.185 65 | 0.055 | 0.065 
3.40 | 1.65 1.77_| 0.050 a0 | 0.055 | 0.065 
2.29 | 284 1.65 | 0.055 | 0.085 | | 0.060 | 0.070 
0.08 [0.12 2.43 | 0.076 | 0.096 4 | 2. 076 _| 0.096 
3.56 | 4.06 a.11 | 0.002 | 0,004 | 0.005 
788 | 8.38 | 7.62 | 0.250 | 0300 | 190 | 0.210 
! 3.18 | 3.42 8,28 { oi [0326 | 80_| 0.258 | 0.268 
6.35 | 6.85 3.42 | 0.125 | 0.135 18 | 3.42 | 0.125 | 0.135 
14.03 [1452 | 0.852 | 0.572 14.03 | 1452 | 0.552 | 0572 


CASE 393-01 CASE 394-01 | CASE 395-01 
(HLP-11)  (.25 MRA) (BMA-2) 


iz 


= 


fre-sha 


oes La ee 


| 


Oo 
SPO = as EO 0 eS 


clolzizxlelzimlole la l> 
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CASE DIMENSIONS (continued) 


STYLE 1: 
PIN 1. COLLECTOR 


2. COLLECTOR 
3. BASE STYLE 1: 


4. BASE PIN 1. COLLECTOR 
5. EMITTER : 2. COLLECTOR 


3. BASE 
4. BASE ; STYLE 1: 


MILLIMETERS | INCHES ila err 
MN | MAX MILLIMETERS | INCHES cane 
1.665 | 1.681_| [Min [ max [MIN [MAX 4, EMITTER 
0.453 | 0.461 [2779 | 28.19 | 1.094 | 1.110_| 
0.219 | 0.229 viet | 0.457 [0.465 MILLIMETERS INCHES 
0.373_| 0.383 | 462 | 0.172 | 0.182 MIN | MAX | MIN: | MAX 
| 0.108 | 0.112 [332 [ora [ ong 5.16 | 5.25 | 0.203 | 0.207 
[0.582 | 0.592 1.65 | 0.055_[ 0.066 1.25 | 1.65 | 0.049 | 0.068 
0.131 | 0.141 49 [0.177 | 0.185 | 140 | 1.65 | 0.055 | 0.065 
0.004. | 0.008 236 | 0.083 {0.093 0.64 | 0.88 | 0.025 | 0.038 
03 [0.151 | o.161_| 06 | 0.10 | 0.002 | 0.004 Odd | 058 | 0017 | 0.023 
13.09 | 1333 | 0.515 | 0.525 4 | 403 [0.155 | 0.159 | 0.06 | 0.10 | 0.002 | 0.004 
[318 | 342 | 0.125 | 0.135 N_ | 13.11 | 13.30 | 0.516 | 0.524 7.12 | 812 | 0.280 [0.320 
19.28 0.759 | _0.769 [ 342 | 0.125 [0135 313 | 337 | 0123 | 0.133 
[36.69 | 3589 | 1,405 | 1.413 {2r61_[ 0841 | 0851 | 


CASE 397-01 | _ CASE 398-01 CASE 400-01 
(HPA-1) (BMA-4) (TW-200) 


S 
= 


+ 


—- 
ZA jm | Oo |oo | | 


4 


2\x|e |=) Jolo}>|S 


STYLE 1: 
PIN 1. BASE 
2. COLLECTOR 
3. EMITTER 


4. EMITTER STYLE 1: 
PIN 1. BASE STYLE 1: 


MILLIMETERS : INCHES 2. COLLECTOR : PIN 1. EMITTER 
MAX | MIN | MAX 3, EMITTER 2. COLLECTOR 
6.09 | 0.225 | 0.240 4. EMITTER 3. BASE 


444 | — | 0.175 = 
266 | 0,095 | 0.105 | MILLIMETERS | __INCHES [MILLIMETERS INCHES 
317} 0.115 | 0.125 MIN | MIN | MAX MIN | MAX | MIN | MAX 
3.42 | 0.115 | 0.135 | 52 | 6. 225 | 0.240 22.84 | 23.24 | 0.885 | 0.915 
0.17 | 0.003 | 0.007 =a) 6. 0.175 i 10.04 | 10.41 | 0.395 | 0.410 
=| 9200 {| — 242 | 2. 0.105 — | 62 | — | 0246 
7.62 | 0.280 | 0.300 | 2.93 | 3. 0.125 242 | 266° | 0.095 | 0.105 
— | 9050 | — 293 | 3. 0.125 407 [431 | 0.160 [0.170 
139 | 0.045 | 0.065 | 008 | 017 | 6. 0,007 0.08 | 0.12 | 0.003 | 0.005 
9.08 . = 559 | 584 | 0.220 | 0.230 


3.30 | 0.110 | 0.130 | 
7.80 | 304 | 0.110 | 0.120 4 i12 ; 0.300 10.04 | 10.28 | 0.395 | 0.405 


1.27 i 
10.67 | 1168 | 0.420 | 0.460 {1. = 23 [337 [0.127 | 0.133 
T1158. | 0.055 26 | 1651 | 0.640 | 0.650 


2 


T 


ae [SS ht [en [i fo fe [ino IO [> 


CASE 401-01 CASE 401A-01 CASE 402-01 
(GP-14 S) (GP-14 NS) (HLP-15M) 


MOTOROLA RF DEVICE DATA 


3-12 


Qa 


fi | 
ame 


_ EMITTER (COMMON) 
2, COLLECTOR 
3, COLLECTOR 


4, EMITTER (COMMON) 
5. EMITTER (COMMON) 
6. BASE 
| came eee PIN 1. COLLECTOR 7, BASE 
the een 2. BASE 8. EMITTER (COMMON) 
7 3. EMITTER 
J _ ; Al t 4, OMITTED — 
oa ae YT c 5, EMITTER SEATING PLANE E 
= 6. BASE 
Tt 4 7. COLLECTOR 
E : ae 
eal MILLIMETERS INCHES 
STYLE 1: pim_| MIN | MAX | MIN | MAX | 
PIN 1. BASE A | 2260 | 2311 | 0890 | 0910 | 
ELOTIEETOR | [_MILLIMETERS INCHES Tp [952 | 1003 | 0375 | 0395 
3 EMITTER om {win [| Max [MIN [ MAX | c_ | 665 | 7.16 | 0262 | 0282 | 
MILLIMETERS INCHES a _[ est | 940 T0335 | 0370_| p | 160 | 195 | 0063 | 0077 | 
[MAX | MIN” | MAX B | 775 | 951 | 0305 | 0335 | | E | 294 | 340 | o16 | 0134 
ease eps ease ieee ae ee 
0.395 | 0.410 At | 0. 16. | 
T — [0180_| E | 102 | ~ | 0.04 H_{ 401 [ 436 [0.158 [ 0.172 
0.095 | 0.105 [F | o4i | 048 | oo | o019 | J [007 | 0.15 | 0.003 va 
[0.057 | 0.067 | 6 5.0B BSC | —_0.200 BSC K_ | 434 | 490 | 0.171 | 0193 
- : a | ae 
0,090 | 0.110 H_[o71 | 086 {0.028 | 0.034 [. { ize | izas | oso | a5t0 
0,002 | 0.004 J {07 | 114 [0.029 | 0.045 M_|_ 45° NOM 145° NOM : 
{0.220 | 0.230 K {12701 — [o50 | — | N | i051 [ 11.02 | oa | 0434 
0,395 | 0.405 L [63 | — [oz | — | a {304 | 336 [oto | age | 
Tota7 [0.133 M a5° BSC 45° BSC R : 9.90 | 1041 | 0.390 | 0410 
0.640 | 0.650 2.54 BSC 0.100 BSC - u_[ 102 | 127 | 0040 ( 0050 
; p{— [i127 | — | 006 (vy [064 [089 | 0.025 | 0.035 
CASE 402A-01 
CASE 654-02 CASE 744A-01 
(HLP-19) 
STYLE 1: STYLE 1: 
PIN 1, EMITTER PIN 1, BASE 
2. COLLECTOR 2. COLLECTOR 
Q 3. COLLECTOR / 3. BASE - 
4. EMITTER 4, BASE 
5, EMITTER 5, EMITTER 
6, BASE 6. BASE 
P [410.25 (0.010) @[6 @] 7, BASE ~— A 
4PL 8 


_ EMITTER U { 


—ae} K 

w 
ao |na- 
ee 


[41025 0.010) @[ tle Ola Ol 


SPL 
H 
STYLE 1: 
N 
PIN 1. EMITTER t J | ‘ 
2, COLLECTOR t L 
3, COLLECTOR Po a q 
4, EMITTER Qe H 7 . 
5, EMITTER | | E 
6. BASE MILLIMETERS INCHES qT 7 4 
7, BASE DIM | MIN [ MAX | MIN [| MAX 
8. EMITTER A | 2266 | 23.06 | 0.892 | 0.908 MILLIMETERS | INCHES 
B 9.61 | 10.00 | 0.378 | 0.394 DIM_| MIN | MAX | MIN | MAX | 
| MILLIMETERS INCHES c | 625 | 675 [ 0.246 | 0.266 LA | 2452 | 25.01 | 0.965 | 0.985 | 
pm | MIN | MAX | MIN | MAX dD | 280 | 330 | o110 | 0.130 | Bp | 5.72 | 596 | 0.226 | 0.235 | 
A | 480 | 500 | 0.189 | 0.196 —E | 293 | 342 | 0115 | 0.138 c | 597 | 660 | 0.235 | 0.260 | 
B | 380 | 4.00 | 0150 | 0.17 F | 153 | 203 | 0.060 | 0.080 p | 140 | 190 | 0.055 | 0.075 
c {135 [175 | 0.054 | 0.068 6 | 051 | 1.07 | 020 | o.040_| E | 267 | 292 | 0105 | 0.115 | 
p | 035 | 049 | oor | 0019 H | 399 | 439 | 0.157 | 0.173 F | 280 | 330 | 0110 | 0.130 
F | 040 | 1.25 | 0.016 | 0.049 J | oi | 015 [0.004 | 0.006 H | 407 | 457 | 0.160 | 0.180 
G 1.27 BSC 0.050 BSC K_| 1695 [ 1950 | 0624 | 0.768 J | oi | 045 | 0.004 {0.006 
J [078 | 025 | 0.007 | 0.009 L_| ogg | 1.39 | 0.035 | 0055 : K | 229 | 279 | 0.090 | 0.110 
K [ o10 | 0.25 | 0.004 | 0.009 | N | 10.75 | 11.25 | 0.423 | 0.0443 N | as9 | 939 | 0.350 | 0.370 
Mm | 0 Pols 0 r_! | a | 305 | 355 | 0.120 | 0.140 a | 3ta {342 [0125 | 0.135 | 
p_| 580 | 6.20 | 0.229 | 0.244 | R_{ 976 | 10.26 | 0.384 | 0.404 s | 356 | 406 | 0.140 | 0.160_| 
R | 025 | 050 | 0.010 | 0.019 u_| 1626 | 1676 | 0.640 | 0.660 fu {1917 { 1866 [0715 | 0735 | 
CASE 751-03 CASE 827-01 CASE 828-01 
(SO-8) (MRP-7) (EA) 
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